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PORmORD and ACKNOWLEDGMENTS,
S e v e ra l  y e a r s  ago , when I  h e l d  t h e  p o s i t i o n  o f  S e n io r  A n a e s th e t i s t  
i n  G lasgow  Royal I n f i r m a r y ,  I  was s e r i o u s l y  im p re s s e d  w i t h  t h e  f a t a l i t i e s  
and d an g e ro u s  c o n d i t i o n s  a r i s i n g  d u r in g  g e n e r a l  a n a e s t h e s i a .  These 
w ere  m ore commonly met w i th  d u r in g  c h lo ro fo im  a n a e s t h e s i a ,  and d id  n o t  
by any means o c c u r  o n ly  a f t e r ,  o r  m o s t ly  a f t e r  lo n g  a n a e s t h e s i a s ;  th e y  
o c c u r r e d  a s  o f t e n  d u r in g  th e  in d u c t io n  p e r i o d .  There  seemed to  be  a 
c a p r i c i o u s  e le m e n t  a b o u t  ch lo ro fo rm  w hich  co u ld  n o t  be  a c c o u n te d  f o r .
I n  some c a s e s ,  t h e  c o l l a p s e  came w i t h  s u r p r i s e  to  th e  a d m i n i s t r a t o r  and 
w i th o u t  w a rn in g .  T ro u b le  showed i t s e l f  som etim es w i th  th e  s t r o n g e s t  
men. I n  t h e s e  l a t t e r  c a s e s ,  th e  c a u se  may h av e  been s t r u g g l i n g  d u r in g  
i n d u c t i o n ,  e x h a u s t in g  th e  h e a r t  i n  a p u re ly  p h y s i c a l  way; o r  th e  
p a t i e n t ’s d re a d  o f  th e  o r d e a l  may have  been  th e  c a u s e .  E th e r  was 
n o t  so  o f t e n  accom panied  by d a n g ero u s  m a n i f e s t a t i o n s  d u r in g  th e  
a n a e s t h e s i a ;  b u t  sometimes th e  p a t i e n t  took  b r o n c h i t i s  o r  pneumonia 
t h e r e a f t e r ,
C o n c lu d in g ,  t h a t  in  th e  m a in ,d a n g e r s  from c h lo ro fo rm  w ere  due 
t o  o v e rd o s e ,  and th o s e  from e t h e r  were p o s t - a n a e s t h e t i c ,  I  endeavou red  to  
e l i m i n a t e  b o t h  dang ers  by u s i n g  c h lo ro fo rm  w i th  a d o s im e t r i c  m ach in e , -  
t h a t  of Vernon E a rc o u r t  b e in g  s e l e c t e d .  I n  t h i s  way, one c o u ld  t e l l  to  
a  d e c im a l  a t  any moment th e  e x a c t  s t r e n g t h  o f  th e  v ap o u r  o f  ch lo ro fo rm  
i n  t h e  a tm o sp h e re  b r e a t h e d ,  and keep  i t  a t  the  same s t r e n g t h .  T h is ,  
hoV/ever, was n o t  a lw ays s u c c e s s f u l ,  a l th o u g h  m ost u s e f u l  i n  lo n g  
abdo m ina l o p e r a t i o n s ,  e s p e c i a l l y  when a p r e c u r s o r  o f  m o rp h ia  had  been 
a d m i n i s t e r e d .  The a n a e s t h e s i a  was o f t e n  to o  l i g h t ,  an d  shock 
im p r e s s io n s  w ere  e x p e r ie n c e d  from i n s u f f i c i e n t  a n a e s t h e s i a .
T here  seemed to  be a c lam ant need  fo r  a s a f e r  a n a e s t h e t i c .
i l .
At t h i s  t im e  Hedonal was b e in g  u s e d ,  and I  th o u g h t  i t  p ro m ised  
b e t t e r  r e s u l t s .  I t  seemed from r e p o r t s  and a l i m i t e d  p e r s o n a l  e x p e r ie n c e ,  
to  have  none o f  th e  e v i l  e f f e c t s  o f  e i t h e r  c h lo ro fo rm  o r  e t h e r .  I  th e n  
d e te rm in e d  to  exam ine i n  a  s c i e n t i f i c  wa^ what th e  a c t i o n  o f  Hedonal was, 
p a r t i c u l a r l y  i n  th e  mammal, so t h a t  one  m ig h t  have  d e f i n i t e  in fo r m a t io n  
t o  go upon  f o r  u s e  i n  t h e  human s u b j e c t .  F u l ly  two y e a r s  w ere  s p e n t  a t  
t h i s  tim e i n  l a b o r a t o r y  work and d e f i n i t e  r e s u l t s  o b t a i n e d ,  w hich  a re  
h e r e  r e c o r d e d .
L a t e r ,  when h o l d in g  a p o s t  as  Surgeon f o r  D is e a s e s  o f  t h e  T h r o a t ,
Nose and E a r ,  many o f  th e  n o se  o p e r a t i o n s  were c a r r i e d  o u t  w i th  c o c a in e  
and a d r e n a l i n  a p p l i e d  l o c a l l y  by p l e d g e t s ;  b u t  even h e r e ,  t r o u b l e s  
a r o s e .  R e p o r ts  o f  d e a th  from c o c a in e  p o i s o n in g  came from d i f f e r e n t  
c e n t r e s .  I n  my own e x p e r i e n c e ,  a  p a t i e n t  s i t t i n g  on a foi% w i th  
c o c a in e  p l e d g e t s  i n  th e  n o s t r i l s  ( 5 ^ ,  d i e d  b e f o r e  a n y th in g  was 
a t t e m p te d  i n  t h e  way o f  o p e r a t i o n .  An i n v e s t i g a t i o n  by t h e  a u t h o r i t i e s  
was made a t  t h i s  t im e ,  and su rg e o n s  who h ad  e x p e r i e n c e  w i th  a n a e s t h e t i c s  
w ere  a sk ed  f o r  t h e i r  o p in io n  and f o r  t h e i r  s u g g e s t i o n s  a s  to  how l o c a l  
a n a e s t h e t i c s  -  c o c a in e  i n  p a r t i c u l a r  -  m ig h t be  a d m in i s t e r e d  w i th  
g r e a t e r  s a f e t y .  I  th e n  r e c o r d e d  my reco m m en d a tio n s ,  w hich  need n o t  be 
d e t a i l e d  h e r e .  At t h i s  tim e f u r t h e r  r e s e a r c h  on th e  s u b j e c t  was 
c a r r i e d  o u t ,  w i th  s p e c i a l  r e g a r d  to  t h e  a c t i o n  o f  Hedonal on th e  f r o g .
The s tu d y  w hich  h a s  now b een  com ple ted  em braces v a r io u s  i n v e s t i g a t i o n s  
w h ich  I  hav e  n o t  s e e n  d e a l t  w i t h  i n  any p u b l i c a t i o n .  I t  i s  th e  o n ly  
e x p e r im e n ta l  work on  th e  s u b j e c t  w hich  h a s  been  done i n  t h i s  c o u n try  
(G re a t  B r i t a i n ) ;  I  have a t  l e a s t  seen  no p u b l i c a t i o n s  o f  
t h i s  k i n d ,  n o r  c o u ld  I  h e a r  o f  any such  When i n q u i r i n g  th ro u g h  t h e  
medicftir p r e s s ,  t h e  l a r g e  German y e a r -b o o k s  o f  m e d ic in e ,  n o r  when a sk in g
t h e  m a n u f a c tu r e r s  th e m s e lv e s .
U pw ards/
I l l ,
Upwards o f  one  h u n d red  o r i g i n a l  t r a c i n g s  o r  p h o to g ra p h s  a r e  
i n c l u d e d  in  t h i s  s tu d y ,  t h e  m a th e m a tic a l  r e c o r d  o f  f a c t s  h a s  been  made 
a  p ro m in e n t  f e a t u r e ,  ahd  th e  g round  c o v e re d  i s  e x t e n s i v e .  I n  any 
s c i e n t i f i c  p a p e r s  on t h i s  s u b j e c t ,  I  have n e v e r  se e n  any  t r a c i n g s  p ro duced , 
t h i s  h a s  been  u n f o r t u n a t e .
A p a r t  from th e  a n a e s t h e t i c  f i e l d  a l t o g e t h e r ,  I  f e e l  t h a t  Hedonal has  
n o t  b e en  u se d  m e d ic a l ly  a s  i t  m igh t have  b e e n .  I f  I  have  n o t  b e en  
d o gm atic  i n  s t a t i n g  hov/ i t  may be  u s e d  by th e  c l i n i c i a n ,  I  f e e l  t h a t  
by p r e s e n t i n g  t o  anyone who i s  i n t e r e s t e d ,  th e  a c t u a l  t r a c i n g s  i n  
c o n s i d e r a b l e  num ber, and  u n d e r  many d i f f e r e n t  p h y s i o l o g i c a l  c o n d i t i o n s ,  
t h e  m e d ic a l  man w i l l  th u s  be  a b le  to  s e e  f o r  h i m s e l f  i n  what ways 
H edonal may be u s e d ,  much b e t t e r  th a n  he would i f  o n ly  a  v e r b a l  r e p o r t  
were p l a c e d  i n  h i s  h a n d s .  Thus I  f e e l  s u r e  t h a t  th e  u s e  o f  Hedonal i n  
t h e  c l i n i c a l  f i e l d  m igh t b e  much e x te n d e d ,  e s p e c i a l l y  f o r  d i s e a s e s  o f  
t h e  n e rv o u s  sy s te m , b lo o d  p r e s s u r e ,  o r  o f  th e  h e a r t .
I  m o d e s t ly  hope  t h a t  th e  g r e a t  l a b o u r  w h ich  h a s  been  expended may 
n o t  h av e  been  i n  v a i n .
A l l  t h e  e x p e r im e n ts  h av e  been c a r r i e d  o u t  i n  th e  P h y s i o l o g i c a l  
D epartm en t o f  Glasgow U n i v e r s i t y .  The work on Hedonal done by o t h e r s ,  
a l th o u g h  l i m i t e d ,  h a s  h e re  b e e n  r e c o r d e d  v e ry  a c c u r a t e l y ,  and a t  some 
l e n g t h ,  b e c a u se  o c c a s i o n a l l y  th e  r e p o r t s  o f  d i f f e r e n t  a u t h o r s  have 
seemed to  be in  c o n f l i c t .  The r e p o r t s  on R e s p i r a t i o n  f o r  an exam ple , 
a r e  m o st  c o n fu s in g .  When exam ining th e  r e p o r t s  o f  D r e s e r ,  B u rk h a rd t  
and Kuramel ( s e e  p . 7 3 ) ,  one cannot h av e  a d e f i n i t e  id e a  w h ether  t h e r e  
i s  any dangerous e f f e c t  on r e s p i r a t i o n  o r  n o t .
As t h e  o r i g i n a l  p a p e rs  on H edonal were m o s t ly  i n  t h e  R u ss ian  
l a n g u a g e ,  and were th en  t r a n s l a t e d  i n t o  German, w i th  t h e  a d v en t  o f  th e  
G re a t  War d i f f i c u l t i e s  m t u r a l l y  a r o s e  i n  g e t t i n g  a c c e s s  to  t h e s e .
1 /
i v .
I  h a v e  r e c e i v e d  much a s s i s t a n c e  from th e  L i b r a r i a n s  o f  t h e  Royal C o lleg e  
o f  S u rg e o n s ,  th e  R oyal C o l le g e  o f  P h y s i c i a n s ,  and  th e  R oya l S o c ie ty  o f  
E d in b u rg h ,  who c o u r t e o u s ly  gave me e v e ry  f a c i l i t y  f o r  c o n s u l t i n g  t h e i r  
w orks on  t h i s  s u b j e c t *  I  w ish  a l s o  t o  m e n t io n  th e  l i b r a r y  o f  t h e  
U n i v e r s i t y  o f  M unich , from w hich  I  g o t  some r e f e r e n c e s  o f  th e  g r e a t e s t  
im p o r ta n c e  i n  t h e  work by D r e s e r .
L a s t l y  I  hav e  to  th a n k  th e  Bayer Company who a r e  t h e  m a n u fa c tu re r s  
o f  th e  d ru g ;  t h e y  gave me a l l  t h e i r  p r i n t e d  p a p e rs  and made f u r t h e r  
i n q u i r i e s  fo r  me i n  Germany r e g a r d i n g  such  l i t e r a t u r e .
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2 .
INTRODUCTION.
S c i e n t i f i c  men h a v e  b e en  f o r  more t h a n  h a l f  a  c e n tu r y  s e e k in g  
f o r  an  i d e a l  a n a e s t h e t i c ;  b u t  i t  h a s  n o t  y e t  been fo u n d .  C h lo ro fo rm  
i s  c o m p a r a t iv e ly  e a sy  to  a d m i n i s t e r ,  b u t  i t s  g r e a t  p o te n c y  a s  a  t o x i c  
a g e n t  i n  th e  a c t i o n  o f  t h e  h e a r t  h a s  made many w o rk e rs  a f r a i d  to  u se  1^  5i.
i t .  Many i f  n o t  a l l  c a s e s  o f  d e la y e d  c h lo ro fo rm  p o i s o n in g  show 
f a t t y  d e g e n e r a t io n  o f  t h e  l i v e r ,  k id n e y s  o r  h e a r t ,  o r  a l l  o f  them .
E th e r  i s  n o t  so  t o x i c ,  b u t  i t  h a s  some q u a l i t i e s  o f  i t s  own 
w h ic h  a r e  o b j e c t i o n a b l e .  A p art  from  the  te n d e n c y  to  c a t a r r h  a l r e a d y  1^ 55.
r e f e r r e d  t o ,  i t  does n o t  g iv e  such  com plete  m u sc u la r  r e l a x a t i o n  a s  1^ . 4 o.
c h lo ro fo rm ,  and i f  d e e p e r  n a r c o s i s  i s  n e c e s s a r y  the  "C lo v e r"  i n h a l e r  
r e q u i r e s  f o r  i t s  m a n ip u la t io n  one hav ing  s p e c i a l  e x p e r i e n c e  i n  i t s  
u s e .  The odour o f  e t h e r  i s  v e ry  p u n g e n t  and d i s a g r e e a b l e  by 
i n h a l a t i o n .  In  th e  w ords  o f  F e l i x  Rood -  "To anyone who has  
i n h a l e d  a b r e a t h  o f  a  s t r a y  v ap ou r  o f  e t h e r ,  i t  m ust a lw ays  be a 
s o u rc e  o f  s u r p r i s e ,  t h a t  s e r io u s  c o m p l ic a t io n s  a r e  n o t  a lw a y s  p ro d u ced  
by a lo n g  a n a e s t h e s i a ,  a s  we know th ey  a r e .  These f a c t s  I  have  
o b se rv e d  p e r s o n a l l y  d u r i n g  f i v e  y e a r s *  e x p e r i e n c e  i n  Glasgow Royal 
I n f i r m a r y  a s  S e n io r  A n a e s t h e t i s t .
To o b v i a t e  the  c a t a r r h a l  dan g er  w hich  may r e s u l t  from th e  i^ .5 5 .
a d m i n i s t r a t i o n  o f  e t h e r .  Dr Dudley Buxton u s e d  i t  mixed w i th  o l i v e  
o i l  a s  a r e c t a l  enema in  the  y e a r  1 893 . T h is  was q u i t e  s u i t a b l e  i n  
m ost  c a s e s  excep t abdom inal o p e r a t i o n s ,  a s  i t  c a u se d  u n d e s i r a b l e
d i s t e n s i o n  o f  th e  bow el, and sometime p o s t - o p e r a t i v e  d i a r r h o e a .  1^45
The work o f  L .B u rk h a rd t  o n  in t r a v e n o u s  c h lo ro fo rm  and  i n t r a v e n o u s
57e t h e r ,  was i n  h i s  e x p e r i e n c e  a n y th in g  b u t  a s u c c e s s .  His work i n  ^
t h i s  r e s p e c t  d a t e s  from  the  y e a r  1909 . I n  more r e c e n t  y e a r s ,
a n /
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an  a t t e m p t  w i th  i n t r a v e n o u s  e t h e r  was a g a i n  made, w i th  a v iew  to  g e t t i n g  
q u i t  o f  t h e  c a t a r r h a l  d a n g e r .  The e t h e r  (5^) was d i s s o l v e d  i n  norm al 
s a l i n e  and was p e r f u s e d  th ro u g h  one o f  th e  v e in s  o f  th e  a rm . E th e r  i s  
a b o u t  7 t im e s  w eak e r  t h a n  c h lo ro fo rm ,  so t h a t  i t  was n e c e s s a r y  to  
th row  a f a i r l y  l a r g e  q u a n t i t y  o f  t o t a l  l i q u i d  i n t o  th e  v a s c u l a r  sy s te m .
In  l a r g e  o p e r a t io n s  as  much a s  1500 c . c .  m i ^ t  be  r e q u i r e d .  T h is
s o l u t i o n  l e d  to  oedema i n  t h e  p e n d u lo u s  p a r t s  o f  t h e  b o d y , such  as t h e
b u t t o c k s .  The f a c e  would o c c a s i o n a l l y  show oedema. A 10^ s o l u t i o n
was t h e n  u s e d  t o  o b v ia te  t h i s  d i f f i c u l t y ,  and make a s m a l l e r  q u a n t i t y
o f  t o t a l  l i q u i d  s u f f i c e .  The r e s u l t  was t h a t  i n  some case ?h a e m o g lo b in -  |%  5%
u r i a  was p ro d u c e d .  F i n a l l y  a 7 .5 ^  s o l u t i o n  o f  e t h e r  was u se d  w i th
b e t t e r  s u c c e s s .
The m e d ic a l  p r o f e s s i o n  s t i l l  looked f o r  a more p e r f e c t  a n a e s t h e t i c  
o r  a s a f e r  m ethod of em ploy ing  th e  known a n a e s t h e t i c s  w hich  w ere i n  
t h e i r  p o s s e s s i o n .  A k in d  o f  compromise be tw een  a g e n e r a l  and a l o c a l  
a n a e s t h e s i a  was a r r i v e d  a t .  Lumbar p u n c tu r e ,  ( i n t r o d u c e d  by  B ie r  
i n  th e  y e a r  1 8 9 9 ) ,  and th e  i n t r a s p i n a l  i n j e c t i o n  o f  q u i t e  a  number o f  
d r u g s ,  was much p r a c t i s e d  f o r  s e v e r a l  y e a r s .  Among such  a r e  
c o c a in e ,  s t o v a i r ^  a ly p in ^  novocaine  and t r o p o c o c a i n e . The m ethod 
f e l l  i n t o  d i s u s e  a b o u t  8  y e a r s  a g o .  The d ru g  som etim es p a s s e d  to o  
h ig h  in  th e  s p i n a l  cana l and n o t  o n ly  a n a e s t h e t i s e d  t h e  u p p e r  l im b s ,  
b u t  i n  some i n s t a n c e s  s to p p e d  t h e  m usc les  o f  r e s p i r a t i o n  th ro u g h  th e  
r e s p i r a t o r y  r e f l e x  c e n t r e  i n  th e  m e d u l la .  B e s id e s  t h i s  im m ed ia te  
d a n g e r ,  t h e r e  have b e e n  found more rem ote  and l a s t i n g  e f f e c t s  
r e s u l t i n g  from  t h i s  m ethod , f o r  exam ple , p a r a l y t i c  c o n d i t i o n s  
w hich  have rem a in ed  more o r  l e s s  perm anent i n  such  r e g io n s  a s  th e  
b l a d d e r  and b o w e l,  and even  in  th e  lo w er  l im b s .  P a t i e n t s  have  
d i e d  from t h e  d ru g  h a v in g  p a s s e d  d i r e c t  t o  th e  m e d u l la ,  th e  p e l v i s  
h a v in g  b e e n  r a i s e d  to o  h i g h .  D eath  has  even  o c c u r re d  s i x  m onths 
a f t e r  th e  i n j e c t i o n  from  s o f t e n in g  of th e  b r a i n .
1 /
I  do n o t  b e l i e v e  i t  i s  p o s s i b l e  to  o b t a i n  an i d e a l  o r  p e r f e c t  a n a e s t h e t i c ^  
As a n a e s t h e s i a  i s  c o n t r a r y  t o  n a t u r e ,  no  form can  e v e r  be p e r f e c t .  T h is ,  
how ever, i s  no r e a s o n  why t h e  p r o f e s s i o n  sh o u ld  n o t  se ek  f o r  one a s  n e a r  
p e r f e c t i o n  a s  p o s s i b l e .
George C r i l e  h a s  gone i n t o  t h i s  s u b j e c t  v e r y  s c i e n t i f i c a l l y ,  when 
sp e a k in g  o f  th e  k i n e t i c  t h e o r y  o f  sh o c k . In  h i s  p a p e r ,  when d e f i n i n g  
i d e a l  c o n d i t i o n s  f o r  a n a e s t h e s i a ,  he  c o in s  a  word " a n o c i - a s s o c i a t i o n " ,  n  fKet %
by  w h ich  he means a  c o n d i t i o n ,  n o t  o n ly  w hereby th e  v o lu n ta r y  movement 
and i n s e n s i b i l i t y  t o  p a in  a r e  a b o l i s h e d ,  b u t  where th e  b r a i n  does n o t  
r e c e i v e  such  s t i m u l i  a t  a l l ,  even  th o u g h  n o t  p e r c e i v e d  by  th e  p a t i e n t .
I n  t h i s  r e g a r d ,  C r i l e  b e l i e v e s  e t h e r  by  i n h a l a t i o n  i s  o n ly  a  v e n e e r .
The p a t i e n t  does n o t  f e e l ,  b u t  s t i m u l i  r e a c h  th e  b r a i n  and a c t u a l l y  
c au se  m a t e r i a l  change  i n  t h e  n e rv e  c e l l s  t h e r e ,  w h e th e r  such  s t i m u l i  
be  o f  t h e  n a tu r e  o f  f e a r  ( f u n c t i o n a l )  o r  t r a u m a t i c  ( p h y s i c a l ) .
I n  b o t h  t h e s e  fo rm s C r i l e  h a s  shown m ic ro sco p e  s l i d e s ,  i n  w hich  a r e  
se e n  t h e  changes m e n t io n e d .  I f  th e  s t i m u l u s ,  o r  s t i m u l i ,  ( e i t h e r  
f u n c t i o n a l  o r  t r a u m a t i c )  be  s t ro n g  eno ugh , t h e r e  may r e s u l t  e x h a u s t io n  
o r  even  d e a t h .  C r i l e  t h e r e f o r e  p ro p o s e d  t h a t ,  w h i le  th e  b r a i n  sh o u ld  
be made u n c o n s c io u s  o f  p a i n ,  s t i m u l i  sh o u ld  n o t  b e  a l lo w e d  t o  r e a c h  
th e  b r a i n .  These  c o n d i t i o n s  he  c o n s i d e r s  a r e  a c h ie v e d  (1) by  
rem oving  f e a r ,  ( 2 ) by  b lo c k in g  a l l  t h e  s e n s o ry  n e rv e s  i n  th e  s u r g i c a l  
a r e a  b y  n o v o c a in e  i n j e c t i o n ,  and  (3) by  a d m i n i s t e r i n g  gas  and oxygen 
by  i n h a l a t i o n .
I t  h a s  been  th e  common e x p e r ie n c e  w i th  new d i s c o v e r i e s  i n  
m e d ic in e  o r  s u r g e r y  t h a t  t h e r e  h a s  b e e n  an  undue l a u d in g  o f  t h e  
v i r t u e s  o f  such  d i s c o v e r y  a t  t h e  b e g in n in g ,  b e f o r e  s u f f i c i e n t  
e x p e r i e n c e  had b e e n  g a in e d .  L a t e r  i t  h a s  o f t e n  happened  t h a t  t h e r e  h a s  
been  a  change i n  t h e  o p p o s i t e  d i r e c t i o n  l i k e  th e  swing o f  a  pendulum .
S^ch m ethods o r  d i s c o v e r i e s  have  t h e n  f a l l e n  f o r  some t im e  i n t o  d i s u s e ,  
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t o  be  a g a in  u s e d  a f t e r  f u r t h e r  e x p e r im e n ta t io n .  T h is  has  been  th e  
e x p e r i e n c e  w i th  th e  a d v e n t  o f  c h lo ro fo rm , and o f  e t h e r ,  w i th  s p i n a l  
a n a l g e s i a  and  a l s o  w i t h  i n t r a v e n o u s  a n a e s t h e s i a .
Hedonal h a s  f a l l e n  v e ry  much i n t o  d i s u s e .  The p u rp o se  o f  th e  work 
h e r e  c o m p le te d  has been  t o  l e t  th e  p r o f e s s i o n  se e  w h e th e r  in d e e d  i t  would 
n o t  be w o r th  w h i le  to  I n t r o d u c e  Hedonal a g a in  i n t o  a n a e s t h e t i c  p r a c t i c e .
I  p e r s o n a l l y  t h in k  t h a t  t h e  a p p a r a tu s  f o r  i t s  i n t r a v e n o u s  a d m i n i s t r a t i o n  
s h o u ld  be i n s t a l l e d  i n  a l l  l a r g e  h o s p i t a l s ,  and t h a t  i t  sh o u ld  be u se d  i n  
th e  c a se s  w here  c h lo ro fo rm  and e t h e r  a re  o b v io u s ly  u n s u i t a b l e .
I  a l s o  s t r o n g l y  a d v o c a te  i t s  u se  by th e  p h y s i c i a n  i n  th e  s t r i c t l y  
m e d ic a l  s e n s e .
THE ADVANTAGES OF HEDONAL.
1 .  T here  i s  l i t t l e  o r  no e x c i te m e n t  d u r in g  th e  i n d u c t io n  o f  n a r c o s i s .
The p a t i e n t  does n o t  e x p e r i e n c e  the  ch ok in g  f e e l i n g  so common w i th  
i n h a l a t i o n a l  a n a e s t h e s i a  -  e s p e c i a l l y  e t h e r ;  b r e a t h i n g  c o n t in u e s  
a s  b e f o r e  u n a f f e c t e d ,  th e  p a t i e n t  f a l l i n g  i n t o  n a t u r a l  s l e e p .
2 .  There  i s  g r e a t  m u sc u la r  r e l a x a t i o n ,  whereby i t  i s  p o s s i b l e  to
m a n ip u la te  th e  u n d e r  s u r f a c e  o f  th e  l i v e r  w i th o u t  shock r e s u l t i n g .
I  p e r s o n a l l y  have a lw ay s  f e l t ,  p a r t i c u l a r l y  w i th  c h lo ro fo rm , t h a t  
whenever com plete  r e l a x a t i o n  i n  th e  abdomen was o b t a i n e d ,  t h e  d ang er  
from c a r d i a c  c o l l a p s e  from o v e rd o se  was n o t  f a r  d i s t a n t .  W ith e t h e r ,  
com p le te  m u sc u la r  r e l a x a t i o n  i s  no t  so e a s i l y  p ro d u ce d  a t  a l l ,  a p a r t  
from th e  q u e s t io n  o f  d a n g e r .
3 .  The u r i n e  n e v e r  shows album en, h a em o g lo b in , n o r  c a s t s ,  and a s  Hedonal i s  a 
d i u r e t i c  i t  i s  s u p e r i o r  to  m o rp h ia .
4 .  F a t t y  d e g e n e r a t io n  does no t o c c u r  in  th e  l i v e r ,  k id n e y s  ror h e a r t ;  t h i s  
i s  a lm o s t  c o n s t a n t l y  found  i n  d e la y e d  c h lo ro fo rm  p o i s o n i n g .
5 .  H edonal d o e s  n o t  i r r i t a t e  th e  r e s p i r a t o r y  t r a c t ;  i t  i s  n o t  e x c r e te d  
by t h e  lu n g s  and i s  i n  t h i s  way s u p e r i o r  to  e t h e r .
6 . I n  c o n d i t i o n s  fo l lo w in g  haem orrh ag e , e i t h e r  a c u te  o r  lo n g  c o n t in u e d ,  
when an  o p e r a t i o n  must be c a r r i e d  o u t ,  Hedonal i n t r o d u c e d  in t r a v e n o u s ly  
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i s  i n  my o p i n io n  th e  s a f e s t  a n a e s t h e s i a  known. The q u a n t i t y  o f  
warm norm al s a l i n e  p e r f u s e d  as  t h e  d r u g - s o l v e n t ,  m ee ts  th e  
c o n d i t i o n  o f  u n f i l l e d  a r t e r i e s .
W ith  p a t i e n t s  o f  t h i s  k in d ,  when a s e v e r e  o p e r a t i o n  m ust be  
c a r r i e d  o u t ,  i t  i s  common fo r  su rg e o n s  f i r s t  o f  a l l  to  b e g in  t h e  
c o n t in u o u s  i n t r o d u c t i o n  o f  waim no rm al s a l i n e  by  n e e d le s  i n  b o th  
b r e a s t s  b e f o r e  i n h a l a t i o n  i s  s t a r t e d .
7 ,  H edonal i s  n o t  so v o l a t i l e  a s  e t h e r  and can t h e r e f o r e  be i n t r o d u c e d  
a t  a  h ig h e r  t e m p e r a t u r e .
8 .  As a  p r e c u r s o r  to  c h lo ro fo rm ,  i t  can  re d u c e  th e  q u a n t i t y  o f  c h lo ro fo rm  
r e q u i r e d  v e ry  c o n s i d e r a b l y .
DISADVANTAGES OF HEDONAL.
1# I n  l o n g  o p e r a t i o n s  o f  two hours  o r  m ore, t h e r e  may be t o o  much l i q u i d  
i n t r o d u c e d  ( a p a r t  from i t s  co m p o s it io n )  when Hedonal i s  th e  a n a e s t h e t i c  
, chosen#  T h is  may be f o l lo w e d  by oedema i n  pendu lous  p a r t s  o f  t h e  body#
2 , p l e t h o r i c  p a t i e n t s ,  f o r  th e  r e a s o n  g iv en  above , a r e  n o t  s u i t a b l e .
3 . .  The a p p a r a tu s  f o r  c o n t i n u a l  d ro p p in g  i s  n o t  p o r t a b l e ,  and  th u s  a s  an 
a n a e s t h e t i c  th e  i n t r a v e n o u s  u s e  o f  Hedonal w i l l  be m ore r e s t r i c t e d  to  
i n s t i t u t i o n s ,
THE ADVENT OF HEDONAL.
Hedonal o r  M e th y lp r o p y lc a r b in o l  U r e th a n e ,  w hich  h a s  th e  fo rm u la  %  2o.
CgH^gOgN, was f i r s t  i n v e s t i g a t e d  by D re se r  and B o n h o e f fe r  i n  company i n  1899 , 53.
th e  e x p e r im e n ts  b e in g  c a r r i e d  o u t  p r i m a r i l y  i n  f i s h e s  and  f r o g s .  I t  i s  a 
w h i t e  powder o c c u r r in g  i n  n e e d le s  l i k e  m e n th o l ,  and i s  a d e r i v a t i v e  o f  
E th y l  U re th a n e  (GgBgNOg) w i th  th e  e t h y l  r a d i c l e  d i s p l a c e d  by t h e  h ig h e r  
r a d i c l e  M e th y lp ro p y lc a rb A n o l .  I t  b r e a k s  up i n  th e  body i n t o  w a t e r ,  COg 
and u r e a .  H edonal i s  no t v e ry  s o l u b l e .  Gwathmey s t a t e s  t h a t  one p a r t  
d i s s o l v e s  i n  120 a t  9 8 .6 ® F ah ..  N a t u r a l l y  i t  i s  s t i l l  l e s s  s o l u b l e  i n  norm al 
s a l i n e  from w h ich  i t  r e a d i l y  c r y s t a l l i s e s  o u t  on c o o l i n g .
Dose o f  Hedonal i n  t h e  human s u b j e c t
The d o se  by t h e  m outh i s  u s u a l l y  s t a t e d  to  be 1 to  2 grammes, 1^,-2c
7.
D r e s e r  In  h i s  e a r l y  work p u t  t h e  dose  a s  .5 - 1  gramme.
F e d o r o f f  i n  1903 gave by th e  mouth 3 -4  grammes o f  Hedonal a s  a  p r e c u r s o r  t o  f^.39.
t h e  i n h a l a t i o n  o f  c h lo ro fo rm , as was su g g e s te d  to  him by Krawkow. In  th e  ^  ^
f i r s t  c a se  o f  i n t r a v e n o u s  Hedonal n a r c o s i s  in  th e  c l i n i c  ( 7 th  Dec. 1 9 0 9 ) ,
F e d o r o f f  gave  2 grammes o f  Hedonal by th e  m outh a s  a p r e c u r s o r .  I n  th e  
g r e a t e r  number o f  such  c a s e s ,  how ever, he a d m in i s t e r e d  3 - 4  grammes e i t h e r  by 
m o u th  o r  r e c tu m ,  1  to  2 h o u rs  b e f o r e  i n j e c t i n g .  F e d o r o f f  l a t e r  on 
e l i m in a t e d  e n t i r e l y  t h i s  p r e l i m i n a r y  d o se ,  a s  he c o n s id e r e d  th e  p o s t - o p e r a t i v e  
s l e e p  u n d u ly  lo n g ,  nam ely 17-20 h o u r s .
The dose  i n  v e ry  young c h i l d r e n  has  b een  gone i n t o  q u i t e  r e c e n t l y  (1923) 
by P a u l  Drevermann o f  F r e i b e r g .  Up to  3 m onths he g iv e s  ,75  to  1 gramme 
m ixed i n  30 c . c .  o f  g r u e l  p e r  r e c tu m .  C h i ld re n  o f  18 months m ig h t  i n  some 
c a s e s  r e q u i r e  1 .5  gramme. The p a t i e n t  i s  r e a d y  f o r  o p e r a t i o n  i n  an h o u r ;  
b u t  some o f  t h e  o l d e r  i n f a n t s  were found to  r e q u i r e  a f u r t h e r  a i d  to  
a n a e s t h e s i a  i n  a d d i t i o n ,  nam ely hypoderm ic  i n j e c t i o n  o f  5-6 c . c .  o f  a ,5 ^  
s o l u t i o n  o f  N o v o c a in e -S u p ra re n in e .
I n t r a v e n o u s l y  th e  d o se  h a s  b e en  s t a t e d  by  S ido renko  to  be  .0 4  gramme 
p e r  k ilogram m e o f  body w e ig h t  to  e s t a b l i s h  n a r c o s i s  c l i n i c a l l y .
I n  a c a s e  r e p o r t e d  by B ^ro ld  U p c o tt  o f  H u l l ,  th e  p a t i e n t  (a n  a d u l t )  1%
r e q u i r e d  420 c . c .  o f  a .75% s o l u t i o n  o f  Hedonal i n  n o rm al s a l i n e  
i n t r a v e n o u s l y  to  e s t a b l i s h  n a r c o s i s  f o r  o p e r a t i o n  d u r i n g  16 m in u te s .
T h is  r e p r e s e n t s  a p p ro x im a te ly  3 grammes o f  H edonal;  o r  s u p p o s in g  th e  
p a t i e n t  t o  w e igh  10 s t o n e s ,  th e  q u a n t i t y  was a t  th e  r a t e  o f  .04  gramme 
o f  body w e i g h t , a s  u se d  by S id o re n k o .
A l l  t h e  c l i n i c a l  w o rk e rs  w i th  Hedonal ( b o th  B r i t i s h  and  C o n t in e n ta l )  
h av e  made u s e  o f  th e  same s o l u t i o n  -  .75% i n  norm al s a l i n e  -  f o r  in t r a v e n o u s  
u s e .  The s o l u t i o n  a s  p re p a re d  by C.M.Page i n  t h i s  c o u n try  (St.Thom as*
H o s p i t a l )  h a d  t h e  fo l lo w in g  c o m p o s i t io n ; -
Hedonal • .....................  . . . . 7 * 5  grammes.
Sodium c h l o r i d e  . . .  . . .  9 .0  "
D i s t i l l e d  w a te r  , . . . . 1000 c . c .
8 .
WORK ALREADY DONE BY OTHERS.
On r e v ie w in g  th e  work w h ich  h as  been  done o n  H edonal, t h e  
s u b j e c t  n a t u r a l l y  d i v id e s  i t s e l f  i n to  two s e c t i o n s  -  t h a t  done 
c l i n i c a l l y  and t h a t  done e x p e r i m e n t a l ly ,  o r  work w i th  th e  
human s u b j e c t  and work w i th  a n im a ls  i n  t h e  l a b o r a to r y #
The c l i n i c a l  work i s  n a t u r a l l y  much more i n  e v id e n c e  a s  
r e g a r d s  q u a n t i t y .  The e x p e r im e n ta l  h a s  been  l i m i t e d  to  a 
c o m p a r a t iv e ly  s m a l l  number o f  i n v e s t i g a t o r s ,  and t h e s e  
a lm o s t  e n t i r e l y  R u ss ian #
D re s e r  o f  M unich, a s  a l r e a d y  m e n t io n e d ,  was t h e  p io n e e r#
The b u lk  o f  a l l  t h e  e x p e r im e n ta l  work was done i n  t h e  
l a b o r a t o r y  o f  Dr Krawkow ( P e t ro g ra d )  by h i m s e l f  and o t h e r s  
su ch  as  F e d o r o f f ,  J e r e m i t s c h ,  Lampsakow, and K a r lo w its c h e #
I n  t h i s  c o u n try  ( B r i t a i n ) ,  a s  a l r e a d y  s t a t e d ,  t h e r e  seems 
to  be no l i t e r a t u r e  w h a tev e r  r e l a t i n g  to  e x p e r im e n ta l  work on 
t h i s  s u b j e c t .
A f t e r  th e  c l i n i c a l  u s e  o f  Hedonal i n t r a v e n o u s l y  was begun  
i n  R u s s i a ,  i t  was t r i e d  in  t h i s  c o u n try  c l i n i c a l l y ,  th e  p i o n e e r  h e re  
b e in g  C.M .Page, o f  S t .T h o m a s * s H o s p i ta l ,  London#
or/ .
The a d v en t  o f  i n t r a v e n o u s  a n a e s t h e s i a  d oes  n o t  b e lo n g  to  modern 
t im e s .  I t  d a t e s  from  2 9 th  May, 1872 , when t h e  F re n ch  Surgeon Ore %
p u b l i s h e d  h i s  e x p e r im e n ts  w i th  C h lo r a l  H y d ra te  i n  a n im a l s .  He 
i n j e c t e d  from 2 - 6  grammes i n  w a te r  a c c o rd in g  to  t h e  w e ig h t  o f  th e  
a n im a l ,  and o b t a i n e d  a d e ep  n a r c o s i s  from 2-5  h o u r s ,  from  which th e  
a n im a l  c o u ld  n o t  be  aw akened, even  by  e l e c t r i c  c u r r e n t s .
Or^ th e n  a p p l i e d  h i s  m ethod i n  t h e  human s u b j e c t ,  r e p o r t i n g  h i s  69 ,
r e s u l t s  i n  1874 . He em ployed i t  i n  th e  c ase  o f  a man, g iv in g  9 grammes 
c h l o r a l  w i th  1 0  grammes o f  w a te r ,  d iv id e d  i n t o  two i n j e c t i o n s  w i th  
5 m in u te s  b e tw ee n  them . There  was g r e a t  m u s c u la r  r e l a x a t i o n  and no 
bad symptoms, t h e  a c c e l e r a t e d  p u l s e  becoming s lo w e r  and s t e a d i e r .
A ga in  he r e p o r t e d  i n  t h e  same y e a r  a c a se  w h e re , by  one 3&
i n j e c t i o n  o f  Ch&oral H y d ra te ,  an  o p e r a t i o n  f o r  p a r t i a l  r e s e c t i o n  o f  
th e  ca lcaneum  was c a r r i e d  o u t .  The a n a e s t h e s i a  was a b s o l u t e  and y e t  
a f t e r  th e  o p e r a t i o n ,  t h e  p a t i e n t  was wakened up im m e d ia te ly  by  c u r r e n t s  
of e l e c t r i c i t y .
SCHMIEDEBERG (STRASSBÜRG).
Oswald Schm iedeberg  was th e  f i r s t  to  p ro p o se  U re th a n e ,
E th y l  U re th a n e ,  o r  E th y l  Carbam ate a s  a h y p n o t i c .  T h is  was i n  
1885 . I t  was found  t o  b e  v e ry  s a f e .  The h e a r t  and lu n g s  were 
n o t  e f f e c t e d  by  i t  b e c a u se  o f  a g ro up  i n  i t s  c o m p o s i t io n  which 
a c t e d  l i k e  ammonia,and w hich  opposed  th e  n a r c o t i c  g ro u p . The 
amino e lem en t  was found to  be to o  s t r o n g  r e l a t i v e l y  t o  t h e  o t h e r ,  
making i t ,  w h i le  v e ry  s a f e ,  i n e f f e c t u a l .  E x p e r im e n ts  i n  h i s  own 
l a b o r a t o r y  i n  S t r a s s b u r g  were c a r r i e d  o u t  on th e  f r o g ,  r a b b i t ,  dog 
and p ig e o n .
R eg ard in g  i t s  a c t i o n  on th e  f r o g ,  Schm iedeberg  s t a t e s  " In d ee d
i t /
10.
i t  a p p e a rs  s c a r c e l y  p o s s i b l e  t o  k i l l  a f r o g  w i t h  i t ,  u n l e s s  we 36,
a b s o l u t e l y  embalm him t h e r e w i t h " .  As much a s  6  grammes have been
Hne b,
g iv e n  w i th o u t  harm .
In  t h e  dog i t  was found  t h a t ,  b e g in n in g  w i th  1 gramme by th e  
m outh f o r  m ed iu m -s ized  a n im a l s ,  and i n c r e a s i n g  th e  d o s e ,  th e  an im a l 
showed s t a g g e r i n g  and a te n d e n c y  t o  s l e e p  when 2 .5  grammes had b e en  
r e a c h e d .  S t r a n g e  t o  r e l a t e ,  when t h e  dose  was f u r t h e r  i n c r e a s e d  t o
36
3  o r  4 grammes, t h e  a n im a l  d id  n o t  become more drowsy -  on th e  
c o n t r a r y  i t  became more a c t i v e .  E v id e n t ly  th e  amino g ro up  had b een  
to o  p o w e r fu l .  F o r  t h i s  r e a s o n  i t  was c o n s id e r e d  t h a t  i f  the  s t i m u l a t i n g  
g roup  were d i s p l a c e d  by some h i g h e r  a l c o h o l  r a d i c l e ,  t h e  c o m b in a t io n
m
w o uld  a c t  more p o w e r f u l ly  as an h y p n o t i c .  S e v e ra l  s u b s ta n c e s  were ^
t r i e d ,  such a s  P ro p y l  and  I s o b u t y l  and th e  r e s u l t  hoped f o r  by liîb  L
S chm iedeberg  was o b t a i n e d ,  nam ely , th e  n a r c o t i c  e f f e c t  was i n c r e a s e d .
There  was t h i s  in c o n v e n ie n c e ,  how ever, t h a t  th e  new s u b s ta n c e s  form ed 
w ere  f a r  to o  i n s o l u b l e .
A l a r g e  r e p o r t  was w r i t t e n  by  P r o f e s s o r  Krawkow i n  P e t r o g r a d ,  em bracing  12^-4, 
th e  e x p e r im e n ta l  work o f  S ch m iedeberg , and d e d i c a t e d  t o  him on h i s  
7 0 th  b i r t h d a y .
PROFESSOR KRAWKOW.
I n  1908 P r o f e s s o r  Krawkow p u b l i s h e d  a lo n g  p a p e r  on th e  s u b j e c t  
o f  H ed o n a l-C h lo ro fo rm  n a r c o s i s .  I n  t h i s  p a p e r  he  m en tio n ed  th e  
c i r c u m s ta n c e s  which l e d  him to  t h in k  o f  such  a se q u e n c e .  There  w ere  
s e v e r a l  su rg e o n s  w ork ing  u n d e r  him in  h i s  l a b o r a t o r y  i n  P e t r o g r a d ,
namely F e d o r o f f ,  J e r e m i t s c h ,  Lampsakow, S id o re n k o ,  G la g o le n ,
B lago w eschen sk i and K a r lo w l t s c h .  E x p er im en ts  were c a r r i e d  o u t  m a in ly
on th e  dog and r a b b i t ,  -  t h e  f r o g  h a s  n o t  been  m en tio n ed  i n  t h i s  w ork .
The e x p e r im e n ts  o f  B lag o w esch en sk i d e a l t  w i th  t h e  e f f e c t  o f  
o f  p o is o n s
c o m b in a t io n s  / s u c h  a s  P h e n o c o l l  and A n t ip y r in e  and o t h e r s .  Then th e
e x p e r im e n ts  o f K a r lo w l t s c h  on th e  e f f e c t  o f  d o u b l in g  th e  s t r e n g t h  o f  
c h lo r o fo r m /
11.
c h lo ro fo rm  v ap o u r  were o f  g r e a t  i n t e r e s t ,  a s  w e l l .
The H ed o n a l-C h lo ro fo rm  n a r c o s i s  i s  an  a n a e s t h e t i c  sequence  i n  
w hich  th e  p a t i e n t  r e c e i v e s  3 grammes o f  Hedonal hy  th e  mouth and i n  
one h o u r  i n h a l e s  c h lo ro fo rm  from  an open mask. I t  was c la im e d  f o r  i t  
t h a t  i n  t h i s  way th e  q u a n t i t y  o f c h lo ro fo rm  r e q u i r e d  f o r  n a r c o s i s  was 
re d u c e d  t o  o n e - t h i r d .  The sequence  was c a r r i e d  o u t  by  Krawkow i n  
t h e  l a b o r a t o r y  and was f o r  many y e a r s  th e  r o u t i n e  method o f  p r e p a r in g  
a n im a ls  f o r  o t h e r  e x p e r im e n t s .  He had  se en  how v e ry  d i f f i c u l t  i t  
was to  c h lo ro fo rm  a dog: t h e  an im al t h e r e a f t e r  was m is e r a b le  and o f t e n
s i c k .
A f t e r  o b s e rv in g  th e  e f f e c t  o f  H edonal i n t r a v e n o u s l y  i n  th e  r a b b i t  
and  d o g , Krawkow c o n s id e r e d  i t  m igh t be u s e f u l  i n  th e  c l i n i c .  I t  
was t h o u g h t ,  hov/ever, t h a t  t h e  q u a n t i t y  r e q u i r e d  would be d i s p r o p o r t i o n a t e l y  
l a r g e  and  th u s  i n c o n v e n ie n t .  The seq u en ce  above r e f e r r e d  t o ,  t h e r e f o r e ,  
p rom ised  t o  be  b e t t e r ,  and i t  was p ro p o se d  by him a s  a m ethod f i t  
t o  be u s e d  i n  th e  c l i n i c .  Krawkow s t a t e s  " N a rc o s is  o f  t h i s  c h a r a c t e r  
was f i r s t  employed i n  th e  y e a r  1903 by P r o f e s s o r  F e d o r o f f  i n  h i s  iwi#
c l i n i c . "
R eg ard in g  th e  c i r c u l a t i o n  i n  H edonal-G h lo ro fo rm  n a r c o s i s ,  p ro fe w so r  
Krawkow s t a t e s  as a r e s u l t  o f  p e r s o n a l  and d i r e c t  o b s e r v a t i o n  of 
F e d o ro f f* s  c a se s  i n  the  c l i n i c  , " I t  i s  s p e c i a l l y  t o  be rem arked  th e  
r e g u l a r  and f u l l  p u l s e  w hich  p e r s i s t e d  r i g h t  up  t o  th e  t e r m i n a t i o n  o f  
a  p r o t r a c t e d  o p e r a t i o n  o f  2 ^  h o u r s . "  R e f e r r in g  t o  anaem ic p a t i e n t s  f&f, 4 ,
and th o s e  w i th  m y o c a r d i t i s  u n d e r  t h i s  se q u e n c e ,  he a l s o  sa y s  " I t ,  was a 
so u rc e  o f  wonder t h a t  w i th  some o f  t h e s e  s i c k  p e r s o n s ,  t h e  p u ls e
d u r in g  n a r c o s i s  was more r e g u l a r  and f u l l e r  th a n  b e f o r e . "  ^
C oncern ing  t h e  b lo o d  p r e s s u r e  i n  a n im a ls  from  th e  u s e  o f  Hedonal 
i n t r a - v e n o u s l y ,  we have  th e  fo l lo w in g  o p i n io n : -  "A c c o rd in g ly  i t  
a p p e a re d  t o  me uncommonly i n t e r e s t i n g  and s i g n i f i c a n t  t h a t  th e  b lo o d  
p r e s s u r e ,  th a n k s  t o  th e  l a t e n t  e f f e c t  o f  th e  amino group on th e  h e a r t .
I s /
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I s  l i t t l e  re d u c e d ."
I t  was fo un d  t l i a t  t h e  v a so -m o to r  c e n t r e  i n  a n im a ls  was p a r a l i z e d  w ith  
l a r g e  d o s e s  o f  H edonal b u t  he  s t a t e s  "The h e a r t  f u n c t i o n s  rem ain  
th e r e b y  so s t r o n g ,  t h a t  d e s p i t e  th e  d i l a t a t i o n  o f  th e  v e s s e l s ,  i t  keeps  
t h e  p r e s s u r e  t o  a lm o s t  u s u a l  and works a lm ost u n e x h a u s te d  u n t i l  th e  
a n im al  * s d e a t h . "
LAMPSAKOW.
P ro b a b ly  th e  m a jo r  p o r t i o n  o f  a l l  t h e  e x p e r im e n ta l  work w h ich  
h a d  b e e n  done on H edonal up to  1912 was c a r r i e d  o u t  i n  th e  l a b o r a t o r y  
o f  P r o f e s s o r  Krawkov/ i n  P e t r o g r a d ,  by  h i m s e l f  and s e v e r a l  o t h e r s ,  
among whom was Dr Lampsakow.
Lampsakow p u b l i s h e d  a t t e a t i s e  on " E f f e c t s  o f  H edonal on th e  
Animal Organism" i n  th e  R u ss ia n  la n g u a g e  i n  P e t r o g r a d  i n  1902, b u t  
i t  d o es  n o t  seem t o  have b e e n  p u b l i s h e d  i n  any  o th e r  l a n g u a g e .  The 
r e s u l t s  o f  h i s  e x p e r im e n t s ,  how ever, have b e en  r e p o r t e d  a t  some l e n g t h  
by Krawkow i n  1908 . In  th e  r a b b i t  a dose  o f  .2  gramme by  th e  mouth 
c a u se s  2 hours*  s l e e p .  T here  i s  heavy  s l e e p  f o r  7 h o u rs  from .5  gramme 
and t h e  c o rn e a l  r e f l e x  d o es  n o t  d i s a p p e a r .  The an im al can  be 
wakened by  p ro d d in g ,  a f t e r  w hich  i t  g o e s  t o  s l e e p .  I n j e c t i o n  o f  
10 c . c .  o f  a  1 % s o l u t i o n  o f  Hedonal i n  w a te r  i n t o  th e  v e i n  i n  a 
r a b b i t  * s e a r ,  c a u se s  s l e e p  a t  once , l a s t i n g  40 m in u te s .
In  th e  dog , .3  gramme Hedonal p e r  1 k ilogram m e o f  body w e ig h t  c a u se s  
deep s l e e p  f o r  7 h o u r s .  The p u p i l  i s  c o n tr a c te d : -  th e  t e m p e r a tu re  
f a l l s  1.8® F a h . .  During th e  s le e p  t h e r e  was co p io u s  f lo w  o f  u r i n e .
A d o se  o f  .5  gramme t o  th e  dog p e r  kilogram m e c a u se s  s l e e p  f o r  15 
h o u r s .
E th y l  U re th a n e  h a s  no such h y p n o t ic  e f f e c t  on d o g s . Even 8  grammes 
o f  S u lp h o n a l  h a s  no e f f e c t .
, The dog i n  l i g h t  s l e e p  by  Hedonal showed a v e ry  s l i g h t  r e d u c t io n  
i n  b lo o d  p r e s s u r e .  D uring  th e  h e av y  s l e e p ,  how ever, b lo o d  p r e s s u r e  
f a l l s  20-30  m i l l i m e t r e s .  Large d o se s  p a r a l i z e  th e  v a so -m o to r  c e n t r e ,  
t h e /
I&f.
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th e  b lo o d  v e s s e l s  a r e  d i l a t e d ,  and y e t  th e  h e a r t  rem ains v e ry  s te a d y  to  
n e a r  th e  end .
H edonal u l t i m a t e l y  b r e a k s  up i n t o  COg, w a te r  and u r e a .
DR.KARLOWITSCH (WARSAW).
Dr K a r lo w i t s c h  p u b l i s h e d  i n  1905 a v e ry  l a r g e  t r e a t i s e  c o m p r is in g  1^. C*
135 p a g e s ,  upon t h e  H ed o n a l-C h lo ro fo rm  n a r c o s i s  o f  Krawkow. The 
e x p e r im e n ts  were c a r r i e d  o u t  on a n im a ls  i n  P r o f e s s o r  Krawkow*s 
l a b o r a t o r y .  T here  was a p p a r e n t l y  u s e d  an  in s t r u m e n t  f o r  m easu r in g  th e  
d e n s i t y  o f  th e  c h lo fo fo rm  v a p o u r  a c c u r a t e l y ,  s i m i l a r  t o  t h e  one 4
in t r o d u c e d  by Dr Vernon H a r c o u r t .  An i n d i c a t o r  t r a v e l l e d  round  an  
a r c ,  w h ich  was d i v i d e d  i n t o  t e n t h s .  W ith  t h i s  d o s i m e t r i c  m ach ine , 
th e n .  Dr K a r lo w l t s c h  fo u n d ,  r e g â r d i h g e t h e  d u r a t i o n  of i n d u c t i o n  o f  
n a r c o s i s ,  t h a t  t h e  n a r c o s i s  was c o m p le te  i n  30 -40  m in u te s ,  i f  
c h lo ro fo rm  a lo n e  was a d m i n i s t e r e d ,  th e  i n d i c a t o r  s t a n d in g  a t  a 
c e r t a i n  ÿ o i n t ,  nam ely  2 / l O t h s .  On th e  o t h e r  h a n d ,  i f  Hedonal had 
been  g iv e n  as a  p r e c u r s o r  u n d e r  th e  same c o n d i t i o n s  o f  d e n s i t y  o f 
v a p o u r ,  th e  i n d u c t i o n  o c c u p ie d  o n ly  5 -8  m in u te s .  Dr K a r lo w i t s c h  
found  t h a t  i n  t h e  H edonal-O h lo ro fo rm  n a r c o s i s ,  t h e  q u a n t i t y  o f  
C h lo ro fo rm  n e c e s s a r y  was re d u c e d  t o  a t h i r d .  The i n d u c t i o n  p e r io d
was much s h o r t e n e d  and f r e e  from e x c i te m e n t .  The b lo o d  p r e s s u r e
rem a in ed  s t e a d y ,  even i n  t h e  d e e p e s t  n a r c o s i s .  H eart  c o n t r a c t i o n s  
rem a in ed  f u l l  and s t r o n g  and t h e r e  v/as no a ry th m ia .  R e s p i r a t i o n  was 
h a r d l y  a l t e r e d  a t  a l l .  Under c e r t a i n  c o n d i t i o n s ,  th e  r e s p i r a t i o n  
m ight cesse and a r t i f i c i a l  r e s p i r a t i o n  be o f  no a v a i l  when c h lo ro fo rm  
a lo n e  was g iv e n .  On th e  o t h e r  han d , when Hedonal had  a l s o  b e en  g iv e n ,  
r e s p i r a t i o n  m ight c e a se  w i t h  s t ro n g  d o se s  o f  c h lo ro fo rm ,  b u t  t h e r e  
was t h i s  d i f f e r e n c e  t h a t  a r t i f i c i a l  r e s p i r a t i o n  was a lw ays s u c c e s s f u l .
A g a in ,  i f  th e  an im al had  been  u n d e r  C h lo ro fo rm  a lo n e  f o r  1 -2  
h o u rs  and  th e  s t r e n g t h  o f  th e  C h lo ro fo rm  v a p o u r  had  b e en  th e n  more th a n  
do u b led  (namely w i t h  the  i n d i c a t o r  p o i n t i n g  t o  8 / l O t h s )  t h e  an im al 
i n  6 - 8  m in u te s  t h e r e a f t e r  shov/ed sudden c e s s a t i o n  o f  r e s p i r a t i o n  
a n d /
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and h e a r t .  The a n im a l  i n v a r i a b l y  d i e d ,  n o tw i th s ta n d in g  a l l  th e  a r t i f i c i a l  
r e s p i r a t i o n  and h e a r t  m a ssa g e ,  e t c . .  W ith p r e v io u s  u s e  o f  H edonal, 
how ever, u n d e r  t h e  same c o n d i t i o n s  o f  th e  e x p e r im e n t ,  and  w i th  th e  
same d o se  o f  C h lo ro fo rm , when the  i n d i c a t o r  f o r  the  s t r e n g t h  of 
C h lo ro fo rm  v a p o u r  s to o d  a t  8 / l O t h s ,  su s p e n s io n  o f  th e  r e s p i r a t i o n  
came on i n  1 0 - 1 2  m in u te s ,  b u t  th e  h e a r t  worked w i th  s i m i l a r  en e rg y  
and t h e  p u l s e  d i d  n o t  l o s e  i t s  t e n s i o n .  A r t i f i c i a l  r e s p i r a t i o n  was 
i n v a r i a b l y  s u c c e s s f u l  a f t e r  a few m in u te s .  T h is  e x p e r im e n t  was 
c a r r i e d  o u t  ev en  to  t h r e e  t im e s  i n  s u c c e s s io n  i n  th e  same an im al w i th  
r e s t o r a t i o n  eac h  t im e .
BURKHARDT.
Ludwig B u rk h a rd t  c a r r i e d  o u t  many e x p e r im e n ts  i n  th e  l a b o r a t o r y  
w i th  i n t r a v e n o u s  C h lo ro fo rm  and in t r a v e n o u s  E t h e r .  He i n t r o d u c e d  
t h i s  method i n t o  t h e  c l i n i c  and r e p o r t e d  h i s  r e s u l t s  i n  1909 .
The p a t i e n t  r e c e iv e d  f i r s t  o f  a l l  Sc^opolemine and Morphine and 
in  an  h o u r  t h e  i n j e c t i o n  o f  a s a t u r a t e d  s o l u t i o n  o f  C h lo fo fo im  (.97%) 
i n  n o rm al s a l i n e  was s t a r t e d  by  th e  m edian  v e i n .
In  th e  f i r s t  c ase  th e  n a r c o s i s  l a s t e d  30 m in u te s ,  t h e r e  h a v in g
b een  i n j e c t e d  1 1 0 0  c . c .  o f  th e  s o l u t i o n .
B u rk h a rd t  r e p o r t e d  i n  d e t a i l  h i s  e a r l y  c a s e s .  The n a r c o s i s  was 
good, th e  h e a r t  and r e s p i r a t i o n  a p p a r e n t l y  e v e r y th in g  w h ich  co u ld  be 
d e s i r e d ,  bu t  t h e  u r i n e  q u i t e  f r e q u e n t l y  showed i n  th e  e a r l y  days 
f o l lo w in g  o p e r a t i o n ,  h aem o g lo b in ,  a lbum en, l e u c o c y te s  and c a s t s .  He 
a d d s ,  how ever, t h a t  even w i t h  i n h a l a t i o n  n a r c o s i s  t h e r e  h a s  been  
found  albumen i n  th e  u r i n e  i n  33% o f  th e  c a s e s  ,so  t h a t  i n  h i s  
o p in io n  th e  i r r i t a t i o n  to  th e  k id n e y s  was n o t  g r e a t e r  by  th e  i n t r a ­
venous m ethod .
I n  h i s  i n t r a v e n o u s  E t h e r  n a r c o s i s ,  th e  p r e c u r s o r  a b o v e-m en tio n ed  
was a l s o  r e q u i r e d ,  and i t  was found t h a t  some o f  t h e s e  c a s e s  d id
n o t  rem a in  n a r b o t i z e d  by t h e  e t h e r ,  and B urld ia rd t  recommended t h a t  i n
su c h /
I AS.
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su ch  c a s e s  a  l i t t l e  c h lo ro fo rm  sh o u ld  be a p p l i e d  on an  open mask,
From what we r e a d  i n  h i s  own r e p o r t s  a t  t h e  1 7 th  I n t e r n a t i o n a l
i n c l i n e d
C ongress  o f  M e d ic in e ,  one i s  dZKkWRK t o  th e  c o n c lu s io n  t h a t  th e s e  
m ethods do n o t  seem t o  have im p re sse d  ev en  t h e i r  i n t r o d u c e r  to o  
f a v o u r a b ly *  The i n t r a v e n o u s  E t h e r ,  h o w ever ,  was more s u c c e s s f u l  
t h a n  th e  in t r a v e n o u s  C h lo ro fo rm .
I n  r e f e r e n c e  t o  B u rk h a rd t» s  in t r a v e n o u s  e t h e r  m ethod , J e r e m i t s c h  
and  F e d o r o f f  j o i n t l y  r e p o r t e d  i n  1010 "A ccord ing  t o  ou r  o p in io n ,  i t  i s  
q u i t e  e v i d e n t  t h a t  i n t r a v e n o u s  n a r c o s i s  w i th  e t h e r  a lo n e  i s  no su re  
m ethod , and t h a t  t o  a t t a i n  a com p le te  n a r c o s i s ,  e t h e r  n a r c o s i s  w i th  
t h e  Scopo lam ine-M orph ine  n a r c o s i s  becomes r a t h e r  d a n g e r o u s ."
H.DRESER. (MUNICH)
D r e s e r  c o n t in u e d  e x p e r im e n t in g  on a n im a ls  on l i n e s  s i m i l a r  t o  th o s e  1^, 53. 
o f  S chm iedeberg , m aking  u s e  o f  h i s  s u g g e s t i o n  r e g a r d i n g  new 
s u b s t a n c e s .  Thus s e v e r a l  new d ru g s  a l l i e d  t o  E th y l  U re th a n e  were 
t e s t e d  by  him c o n j o i n t l y  w i t h  B o n h o e f fe r .  These  d ru g s  had  th e  
E th y l  A lc o h o l  d i s p l a c e d  by  h i g h e r  se c o n d a ry  o r  even  t e r t i a r y  a l c o h o l s .
E x p e r im e n ts  were t h u s  c a r r i e d  o u t w i t h  D i - e th y lc a r b . ln o l  and D i - e th y lm e th y l -  
c a r b i n o l  (Amyl H y d ra te )  ,  b u t  w i th o u t  s u c c e s s .  At l a s t  t h e r e  was 4 7 .
54
t r i e d  M e th y lp r o p y lc a r b in o l  U re th a n e ,  commonly known a s  H ed o n a l.  A 
r e p o r t  o f  th e  im m edia te  r e s u l t s  o f  h i s  e x p e r im e n ts  w i th  t h i s  s u b s ta h c e  
was r e a d  by D re s e r  a t  t h e  7 1 s t  Assem bly o f  German N a tu r a l  P h i lo s o p h e r s  
and  P h y s i c i a n s  i n  Munich and p u b l i s h e d  i n  t h a t  c i t y  i n  1899.
In  f i s h e s  and i n  th e  f r o g ,  Hedonal was found  t o  be 10 t im e s  a s  
s t r o n g  a s  E th y l  U re th a n e  and 3 t im e s  as  s t r o n g  a s  U h lo r a l  H y d ra te  i n  
h y p n o t ic  pow er.
I n  th e  r a b b i t  and dôg i t  was found  to  have  d o u b le  th e  s t r e n g t h  o f  
C h lo r a l  H y d ra te ,  and t h i s  a l s o  h e l d  good i n  t h e  human s u b j e c t ,  ( . 5 - 1  
gram m e). R e s p i r a t i o n  was somewhat l e s s  a c t i v e  t h a n  i n  n a t u r a l  s l e e p .
T h e r e /
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T here  was g r e a t  m u s c u la r  r e l a x a t i o n .  The oxygen u s e d  was d im in ish e d  S3,
by  2 0 ^ .  R a b b i t s  i n  deep  s l e e p  showed a r e d u c t i o n  o f  t e m p e ra tu re  
o
e q u a l  t o  1 C e n t ,  w hich  D re s e r  seems to  have c o n s id e r e d  was due t o  th e
d e c r e a s e d  co m b u s tio n  i n  t h e  t i s s u e s  c o n seq u e n t  upon th e  m u sc u la r
r e l a x a t i o n  and d im in is h e d  r e s p i r a t i o n .  In  t h e  human s u b j e c t  t h e r e
was no s p e c i f i c  e f f e c t  on th e  r e s p i r a t i o n .  53,
The e x c r e t i o n  o f  u r i n e  i n  th e  r a b b i t  and dog was i n c r e a s e d  i n  
deep  s l e e p  more th a n  f o u r - f o l d  and a s  was e x p la in e d ,  th e  s o l i d s  
re m a in e d  as b e f o r e ,  o n ly  t h e  w a t e r - a b s o r b in g  p o r t i o n  o f  t h e  k id n e y s  
b e in g  s t i m u l a t e d .  In  t h i s  r e s p e c t  Hedonal was c o n s id e r e d  s u p e r i o r  to  
M o rph ia .
The b lo o d  p r e s s u r e  i n  r a b b i t s  i n  deep s l e e p  showed no chs.nge o r  53,
o n ly  a f a l l  o f  a few m i l l i m e t r e s .  T h is  was r e c o r d e d  by  Ludwig’ s 
kym ographion  and m ercury  m anom eter.
F i n a l l y  t h e r e  was e s t im a t e d  t h e  l a t e n c y  tim e  o f  t h e  r e f l e x  a c t i o n ,  
when a f r o g ’ s l e g  was s t i m u l a t e d  b y  an  e l e c t r i c  c u r r e n t .  A no rm al 
l a t e n t  p e r io d  was found  t o  be *13 and *14 o f  a s e c o n d .  A f t e r  
i n j e c t i n g  *005 gramme o f  H edonal, D re se r  was much a s t o n i s h e d  t o  
f i n d  t h a t  th e  p e r i o d  was i n c r e a s e d  t o  *79 o f  a se co n d , and l a t e r ,  
when th e  e f f e c t  was p a s s in g  o f f ,  .52  of a seco n d . I t  v/as th o u g h t  
t h a t  t h i s  r e s u l t  m igh t be due t o  t h e  r e l a x a t i o n  o f  th e  p ro to p la s m ic  
d e n t r i t i c  appendages  o f  t h e  n e rv e  c e l l s  d u r in g  th e  Hedonal s l e e p  and 
t h a t  i n  t h i s  way a l o n g e r  c y c le  was b ro u g h t  abou t i n  t h e  r e f l e x  a c t i o n .
D re s e r  c o n c lu d e s  h i s  r e p o r t  i n  t h e s e  words " In  th e  l i t e r a t u r e ,  I  
can  f i n d  no m easurem ent o f  t h a t  t im e  i n  r e f e r e n c e  e i t h e r  t o  C h lo r a l  (Sjf, 53,
H y d ra te  o r  t o  any  o t h e r  h y p n o t i c . ”
17.
DR. A. P . JEREMITSCH (EBTROGRAD).
The e x p e r im e n ta l  work cm H edonal was c a r r i e d  o u t  i n  th e  l a b o r a t o r y  
o f  P r o f e s s o r  Krawkow i n  P e t r o g r a d .  Much o f  i t  was done i n  c o n ju n c t io n  
w i t h  D r .  P e d o r o f f .  H edonal was a p p l i e d  b y  J e r e m i t s e h  t o  a n im a ls  
f i r s t  b y  th e  s to m ach  a l o n e .  Then i t  was g iv e n  t o  a n im a ls  by  th e  
m outh a s  a  p r e c u r s o r  t o  c h lo ro fo rm  b y  i n h a l a t i o n .  T h is  was by  t h e  
s u g g e s t i o n  o f  Krawkow. T h is  H e d o n a l-C h lo ro fo rm  n a r c o s i s  was t h e n  
i n t r o d u c e d  i n t o  t h e  c l i n i c  w i t h  good r e s u l t s  by  P e d o r o f f .  The n e x t  
adv an ce  was b y  J e r e m i t s e h .  H e , in  a n i m a l s , t r i e d  t h e  e f f e c t  o f  e l i m in a t i n g  
t h e  C h lo ro fo rm  and  i n t r o d u c i n g  t h e  Hedonal i n t r a v e n o u s l y  b y  i t s e l f .
I t  t h e n  rem a in ed  f o r  J e r e m i t s e h  and P e d o r o f f  t o  u se  t h e  Hedonal
i n t r a v e n o u s l y  i n  th e  c l i n i c .  T h is  i n  th e  f i r s t  c a s e s  was c a r r i e d
o u t  w i t h  a  p r im a ry  dose  o f  H edonal by t h e  m outh  one h o u r  b e f o r e
o p e r a t i o n .  I t  was due t o  P e d o r o f f ,  how ever, t h a t  t h e  f i r s t
in t r a v e n o u s  a n a e s t h e s i a  b y  H edonal was c a r r i e d  o u t  i n  t h e  c l i n i c  i n
1909 . A r e p o r t  o f  t h e  w ork v/as t h e n  p u b l i s h e d  j o i n t l y  b y  59,
J e r e m i t s e h  and P e d o r o f f  i n  1910 .
T ech n iqu e  o f  J e r e m i t s e h ; -  I n  th e  c l i n i c  th e  s o l u t i o n  i n j e c t e d  
i n t r a v e n o u s l y  was .7 6 ^  i n  no rm al s a l i n e .  I t  was v/armed, p l a c e d  
i n  a  2  l i t r e  j a r  and s t e r i l i z e d  f o r  15 m in u te s  a t  lOO^C. A n e e d l e ,  
b e n t  a t  a r i g h t  a n g le  was u s e d .  I n  th e  e a r l y  c a s e s  i n j e c t i o n  was 
made i n  th e  c e n t r a l  d i r e c t i o n ,  n a m e ly ,  w i t h  t h e  s t r e a m  and  a t  a  
t e m p e r a tu r e  o f  104®F.. L a t t e r l y  t h e  i n j e c t i o n  i n t o  t h e  v e i n  v/as 
made i n  th e  p e r i p h e r a l  d i r e c t i o n ,  -  a g a i n s t  t h e  s t r e a m .  B e fo re  
i n j e c t i n g ,  some o f  th e  s o l u t i o n  was ru n  o u t ,  a s  th e  t e m p e r a tu re  was 
to o  lo w . The r a t e  o f  i n t r o d u c t i o n  was 70 c . c .  p e r  m in u te .  When 
i n d u c t i o n  o f  n a r c o s i s  was c o m p le te ,  t h e  n e e d l e  was removed and a 
s a l i n e  com press was a p p l i e d .  The s o l u t i o n  was p r o p e l l e d  by  means 
o f  an a i r  b a l l  p r e s s e d  b y  th e  f o o t .  When more s o l u t i o n  was 
r e q u i r e d , /
f 4  p -
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r e q u i r e d ,  th e  same p i e r c e  o p en in g  was u s e d ;  b u t  J e r e m i t s e h  su g g e s te d
t h a t  t h e  su rg e o n  sh o u ld  f i r s t  a s s u r e  h i m s e l f  t h a t  no coagulum was
p r e s e n t .  The i n j e c t i o n  b e in g  i n  th e  p e r i p h e r a l  d i r e c t i o n  d id  n o t
p r e v e n t  t h e  p o s s i b i l i t y  o f  th ro m b o s is ,  b u t  i t  made embolism  a v e ry
u n l i k e l y  t h in g  t o  o c c u r ,  more e s p e c i a l l y  when the  c e n t r a l  end had been
l i g a t u r e d .  I f  coagulum  was fo u n d , a nev/ o p e n in g  i n  th e  p e r i p h e r a l  end
o f  th e  v e in  was made, )0 ,
D ose ; -  The q u a n t i t y  a d m in i s t e r e d  was b a se d  on th e  r e s u l t s  i n  th e
l a b o r a t o i y , T here  was g iv e n  i n t r a v e n o u s l y  ,1  t o  .2  o f  a gramme
H edonal p e r  k ilogram m e o f  body w e ig h t  i n  th e  human s u b j e c t ,  th e  same x
a s  a dog had r e c e i v e d .
The e f f e c t s : -  There  was good h e a r t  a c t i o n  and p e a c e f u l , r e g u l a r  
b r e a t h i n g .  A c c e l e r a t i o n  o f  th e  c i r c u l a t i o n  (10 -  30 i n  th e  m in u te )  
was som etim es o b se rv e d  on s t a r t i n g  th e  i n j e c t i o n ;  b u t  when h a r c o s i s  
was c o m p le te ,  th e  r a t e  became a s  b e f o r e  th e  o p e r a t i o n .  Too r a p i d  
i n t r o d u c t i o n  c au se d  c y a n o s i s .  The t im e  f o r  t h e  i n d u c t i o n  was from  
5 t o  8  m in u te s .  R egard ing  b lo o d  p r e s s u r e  J e r e m i t s e h  s t a t e d :  "The &
i n t r o d u c t i o n  o f  t h e  l i q u i d  h a s  no e f f e c t  upon th e  b lo o d  p r e s s u r e  
w o rth  m e n t io n in g ."  In  a n im a ls  ( th e  dog) th e  p r e s s u r e  v/as 
r e c o rd e d  by  J e r e m i t s e h  i n  P r o f e s s o r  Krawkow’ s l a b o r a t o r y .  I t  
showed n o t  more t h a n  5 m.m. p f  a f a l l .  I t  may be m en tio n ed  h e r e  
t h a t  w i th  in t r a v e n o u s  e t h e r  i n  th e  dog, t h e r e  were o b ta in e d  g r e a t  
f l u c t u a t i o n s  i n  th e  b lo o d  p r e s s u r e .
The a f t e r  e f f e c t s  commonly e x p e r ie n c e d  w i t h  i n h a l a t i o n  n a r c o s i s  
w ere  b b s e n t .  The u r i n e  was n o t  a f f e c t e d  p a t h o l o g i c a l l y  and t h e r e  
was g r e a t  m u s c u la r  r e l a x a t i o n .
I t  was fo u n d  t h a t  w i t h  th e  dose  o f  H edonal by th e  m outh , b e f o r e  
i n j e c t i o n ,  th e  p o s t - o p e r a t i v e  s l e e p  was f a t  to o  p ro lo n g e d  -  17 t o  2 0  
h o u r s .  I t  was co n c lu d ed  t h a t  t h i s  dose  c o u ld  be done v / i th o u t .
I t /
1 % .
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I t  was t h e n  o b s e rv e d  t h a t  th e  p a t i e n t  wakened up q u i t e  soon a f t e r  th e  
o p e r a t i o n .
FEDDROFF.
F e d o r o f f  c a r r i e d  o u t  much o f  h i s  work on H e d o n a l ,  b o th  e x p e r im e n ta l  
and c l i n i c a l .  I n  c o n ju n c t i o n  w i t h  J e r e m i t s e h  I n  P e t r o g r a d .  P ro b a b ly  
a l l  o f  t h e  e x p e r im e n ts  were done I n  th e  l a b o r a t o r y  o f  P r o f e s s o r  
Krawkow. The name o f  F e d o r o f f  p ro b a b ly  s ta n d s  o u t  more p r o m in e n t ly  
t h a n  t h a t  o f  any o t h e r  on t h i s  su b je c t*  The I n t r o d u c t i o n  o f
Krawkow’ s C h lo ro fo rm -H ed ona l n a r c o s i s  I n  th e  c l i n i c  was due t o  39,
F e d o r o f f  I n  1903. In  th e  same y e a r  he r e p o r t e d  100 c a se s  o f  t h i s  
se q u e n c e .  The f i r s t  c a se  i n  th e  c l i n i c  where H edonal v/as u s e d
I n t r a v e n o u s l y  was on th e  7 th  December, 1909 . A few  days l a t e r ,  1% 3&
on th e  1 1 th  December, 1909 , F e d o r o f f  showed , t h e  : i n t r a v e n o u s  Hedonal
n a r c o s i s  ( i n  t a b u l a ) b e f o r e  t h e  9 th  C ongress  o f  R u ss ia n  Surgeons In  
Moscow.
F e d o r o f f  ( i n  common w i th  J e r e m i ts e h )  i n j e c t e d  th e  H edonal a t
f i r s t  I n  th e  c e n t r a l  d i r e c t i o n  o f  th e  v e i n ,  l a t t e r l y  I n  t h e  p e r i p h e r a l
was
d i r e c t i o n .  H is t e c h n i q u e / a s  d e s c r i b e d  u n d e r  th e  name o f  J e r e m i t s e h .
In  1911 a l i s t  o f  530 c a s e s  o f  I n t r a v e n o u s  H edonal n a r c o s i s  In  
t h e  human s u b j e c t  was p u b l i s h e d  by  F e d o r o f f .  The I n t e r r u p t e d  system  
o f  I n j e c t i o n  was u s e d .  T h is  was th e  method o f  a l l  th e  R u ss ia n  
su rg e o n s  and in d e e d  o f  a l l  su rg e o n s  on th e  C o n t in e n t .
Speed o f  i n t r o d u c t i o n  and d o s e : -  Weak p a t i e n t s r e c e i v e d  50-60 c . c .  
p e r  m inu te ; s t r o n g  p a t i e n t s  1 0 0 c .c s .T h e  q u a n t i t y  was on a b a s i s  o f  
. 1  -  . 2  gramme p d r  kilogram m e o f  body w e ig h t  -  th e  d o se  found  s u i t a b l e  
In  th e  l a b o r a t o r y .  The o r i g l n a l  p r e c u r s o r  o f  3 -4  grammes o f  Hedonal 
p e r  rec tum  gave to o  lo n g  a s l e e p  -  17 t o  20 h o u r s  -  and I t  was 
l a t t e r l y  l e f t  o u t .  The s o l u t i o n  u se d  was . 7 5 /  H edonal i n  norm al 
s a l i n e .  T h is  s o l u t i o n  h a s  b e en  th e  o n ly  one u s e d  c l i n i c a l l y ,  b o th  
i n /
,K>.
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im B r i ta in ,  and  on th e  C o n t in e n t .  The a v e ra g e  o p e r a t i o n  r e q u i r e d  600
C . C . ,  th e  s h o r t e s t  400 c . c . ,  and  th e  l o n g e s t  1800 c . c . .  F e d o r o f f
u s e d  3 t o  1 3 .5  grammes o f  H edonal I n t r a v e n o u s l y  f o r  o p e r a t io n s  i n
t h e  c l i n i c .  Sometimes th e  n e e d l e  had t o  b e  i n s e r t e d  a f o u r t h  iO,
t im e  f o r  a d d i t i o n a l  i n j e c t i o n s .  The t im e  from  th e  b e g in n in g  o f
i n j e c t i o n  u n t i l  c o m p le te  n a r c o s i s  was o b t a i n e d ,  to o k  3 - 8  m in u te s .
R eg ard in g  t h e  c i r c u l a t i o n ,  F e d o r o f f  s t a t e s : -  " I n  v e r y  d i f f i c u l t  f ,
c a s e s  w i th  s m a l l  and f r e q u e n t  p u l s e  b e f o r e  th e  o p e r a t i o n .  I t  became 
so much b e t t e r  d u r in g  t h e  n a r c o s i s " .  A ga in  we have  t h i s  rem ark  
by  th e  same s u r g e o n : -  "The som etim es v e r y  d i f f i c u l t  t o  be c o u n te d  2,
f i l i f o r m  p u l s e  became d u r in g  th e  n a r c o s i s  e a s i l y  c o u n ta b le  and 
much s t r o n g e r . "
The b lo o d  p r e s s u r e  In  dogs t a k e n  In  P r o f e s s o r  Krawkow’ s 
l a b o r a t o r y  by  J e r e m i t s e h ,  j^owed e i t h e r  no change o r  o n ly  a  f a l l  o f  
5 m.m. In  60 o f  th e  p u b l i s h e d  c a s e s  o f  F e d o r o f f ,  t h e  b lo o d  
p r e s s u r e  was r e c o rd e d  ^ a b o t k i n .  The P r e s s u r e  showed v e r y  l i t t l e  
change  -  a l i t t l e  s i n k i n g  a t  th e  b e g in n in g  -  b u t  I t  soon  r e t u r n e d  
t o  w hat i t  was b e f o r e  th e  o p e r a t i o n .  S a b o tk in  s t a t e d  t h a t  t h e  
c u rv e s  o f  s y s t o l e ,  d i a s t o l e  and b lo o d  p r e s s u r e  l i e  p a r a l l e l .
S a f e t y : -  F e d o r o f f  c o n s id e r e d  t h a t  i t s  s a f e t y  l i e s  i n  i t s  
p r o p e r t y  o f  n o t  w eaken ing  th e  h e a r t ,  t h i s  b e in g  due  i n  h i s  o p i n io n  
t o  t h e  p r e s e n c e  o f  th e  amino g ro u p  i n  i t s  c o m p o s i t io n .  The 
f o r m a t io n  o f  th ro m b i was a t t r i b u t e d  to  e x t r a  I n j e c t i o n s *  R e f e r r i n g  
t o  th e  i n j e c t i o n  to w a rd s  th e  p e r i p h e r y ,  F e d o r o f f  s t a t e s : -  " I  am 
o f  t h e  o p i n io n  t h e r e  i s  no cau se  t o  f e a r  from  th rom bus o f  t h a t  k i n d . "  1%
T h ere  i s  n e i t h e r  th e  e x c i te m e n t  d u r in g  i n d u c t i o n  n o r  t h e  p o s t -  
a n a e s t h e t i c  e f f e c t s  u s u a l l y  fo un d  w i t h  i n h a l a t i o n  n a r c o s i s .  The
nef.39.
u r i n e  c o n ta in e d  n e i t h e r  albumen n o r  c a s t s  a f t e r  o p e r a t i o n .  F e d o r o f f  
s t a t e s  r e g a r d i n g  s a f e t y : -  "As t o  v /hether o r  no t h i s  sys tem  i s  w i th o u t  
d a n g e r ,  I  can p a s s  no d e c id e d  o p i n io n ;  b u t  i t  i s  c e r t a i n l y  l e s s   ^ '
d a n g e ro u s  t h a n  c h lo ro fo rm  o r e t h e r  n a r c o s i s . "  (p re su m a b ly  I n h a l a t i o n a l )  .
(îhlo r e f o r m /
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C h lo ro fo rm  and e t h e r  a re  excreted by th e  lu n g s  and k id n e y s .  Both 
i r r i t a t e  th e  k id n e y s ,  e s p e c i a l l y  c h lo ro fo rm . E th e r  s p e c i a l l y  
i r r i t a t e s  th e  l u n g s .  Hedonal i s  e x c r e t e d  b y  th e  k id n e y s  o n ly  b u t  Ref. 59,
does  n o t  i r r i t a t e  them .
F o r  t h e s e  r e a s o n s ,  F e d o r o f f  c o n s id e r e d  t h a t  H edonal i n t r a v e n o u s ly  was 
b e t t e r  i n  e v e r y  way t h a n  i n t r a v e n o u s  C hloroform  o r  E th e r  -  th e  method 
c a r r i e d  o u t  b y  B u r k h a r d t . R e g a rd in g  t h i s  l a t t e r  m ethod F e d o ro f f  was 
n o t  f a v o u r a b l y  im p re s s e d ,  n o r  d i d  he  t h in k  B u rk h a rd t  b e l i e v e d  much 
i n  i t  h i m s e l f .  He (F e d o ro f f )  c o n s id e r e d  in t r a v e n o u s  E th e r  by ^  39,
i t s e l f  was no s u r e  m eth od , b e c a u se  i t s  i n t r o d u c e r  su g g e s te d  t h a t  
when i t  f a i l e d  a l i t t l e  C h lo ro fo rm  m ig h t  be added by th e  open mask.
The p r e c u r s o r  o f  M orphine and  S capo lam in e  was a n o th e r  p o i s o n  to  be
c o n s i d e r e d .  F e d o r o f f  c o n c l u d e s : -  "We t h e r e f o r e  t h i n k  i t  may be
tasiken f o r  g r a n te d  t h a t  from  o u r  e x p e r i m e n t a l  r e s e a r c h e s  and
o b s e r v a t i o n s  i n  th e  c l i n i c ,  t h e  i n t e r e s t i n g  m ain  p o in t  h a s  been
e s t a b l i s h e d  f o r  th e  f i r s t  t i m e , t h a t  b y  t h e  i n t r o d u c t i o n  o f  h y p n o t ic
do ses  o f  H edonal i n t o  th e  b l o o d  a deep  and p e rm anen t n a r c o s i s  can iSbf,3^.
be o b t a i n e d . "
DR. A.T.SIDORENKO.
Dr S id o re n k o  u s e d  t h e  i n t r a v e n o u s  H edonal m ethod s h o r t l y  a f t e r  i t  l&f 
was i n t r o d u c e d  b y  F e d o r o f f  i n  th e  c l i n i c .  He p u b l i s h e d  a r e p o r t  
i n  1910. His m ethod  was a l i t t l e  d i f f e r e n t  from  t h a t  o f  F e d o r o f f .
The v e i n  was d i s s e c t e d  o u t ,  t h e  p e r i p h e r a l  end was l i g a t u r e d ,  th e  
c e n t r a l  end was c u t  open IwLth s c i s s o r s  and a c a n n u la  i n s e r t e d ,  
c o n n e c te d  w i th  t h e  t a n k  w hich  was p l a c e d  a t  a h e i g h t  o f  60-70  
c e n t i m e t r e s .  ViHien n a r c o s i s  was in d u c e d ,  th e  c a n n u la  was removed, 
and a s a l i n e  com press a p p l i e d .  E x t r a  i n j e c t i o n s  were g iv e n  
by  p l a c in g  th e  c a n n u la  i n  t h e  same o p e n in g ,  f i r s t  h a v in g  m assaged 
ou t o f  th e  mouth o f  th e  v e i n  any sm a ll  c l o t ,  and  hav ing  ru n  o f f  some 
o f /
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o f  th e  c o ld  l i q u i d .  At th e  end th e  c e n t r a l  p o r t i o n  of t h e  v e in  was 
l i g a t u r e d  and th e  wound s u t u r e d .
The b e s t  r a t e  o f  i n t r o d u c t i o n  was 50-60 c . c .  p e r  m in u te .  When 
1 0 0  c . c .  were g iv e n  p e r  m in u te ,  i t  was found  t o  b e  to o  f a s t  and 
c a u se d  c y a n o s i s .  The dose r e q u i r e d  i n  th e  c l i n i c  t o  e s t a b l i s h  
n a r c o s i s  was .04  gramme p e r  k ilogram m e o f  body w e ig h t ;  b u t  t h i s  1% 2
q u a n t i t y  does n o t  seem to  r e f e r  t o  m a in ten a n ce  o f  n a r c o s i s  f o r  
o p e r a t i o n .
B lood  p r e s s u r e  was fo und  t o  f a l l  a l i t t l e  a t  t h e  b e g in n in g ^ a n d  
th e n  became a s  b e f o r e  th e  o p e r a t i o n .  I t  was r e c o r d e d  by  S a b o tk in  
i n  th e  c l i n i ® .  T h e re  was no a l t e r a t i o n  i n  th e  u r i n e .
MR.P.M. PAGE. (LONDON).
Mr Page i n  1912 r e p o r t e d  200 c a s e s  o f  in t r a v e n o u s  H edonal %  &
a n a e s t h e s i a  c a r r i e d  o u t  i n  S t Thomas *s H o s p i t a l .  He r e a l l y
in t r o d u c e d  t h e  m ethod  i n t o  t h i s  c o u n t r y .  The c o n t in u o u s  in f u s i o n
was a d o p te d ,  a s  was common w i th  a l l  B r i t i s h  s u r g e o n s .  I n  t h i s
way embolism  from  th ro m b o s is  was much l e s s  l i k e l y  to  o c c u r .  The
s i t e  o f  i n j e c t i o n  was i n  m o s t  o f  th e  c a se s  i n  th e  v e i n s  o f  t h e  l e g ,
and i n j e c t i o n  was in  th e  p e r i p h e r a l  d i r e c t i o n  = a g a i n s t  th e  s t r e a m .  1%  7#
The te m p e r a tu re  o f  th e  s o l u t i o n ,  when i n f u s e d  i n t o  th e  v e i n  was
a t  f i r s t  115 -  1 2 0 ° F . .  T h is  v/as b e l i e v e d  t o  a c c o u n t  f o r  th e  %
c a s e s  o f  th ro m b o s is  r e s u l t i n g  and l a t t e r l y  th e  t e m p e r a tu r e  was jSfef 72,
o
re d u c e d  t o  105 F . . Vûien n a rc o s is*  was c o m p le te ,  th e  l i q u i d  was 
a l lo w e d  t o  e n t e r  d rop  by  d r o p . . .  Page a d m i n i s t e r e d  3 grammes o f  
H edonal by th e  m outh 2 h o u r s  b e fo r e  o p e r a t i o n .  I t  was c o n s id e r e d  
t h a t  f a t a l i t i e s  h ad  b e en  due to  3Baa o v e rd o s in g  o f  th e  p a t i e n t .
The u r i n e  showed no h a e m o ly s is ,a lb u m e n  n o r  c a s t s ,  when th e s e  
were a b s e n t  b e f o r e  o p e r a t i o n .
D u r in g ^
l5rf.T2.
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D u rin g  th e  n a r c o s i s  t h e  c o r n e a l  r e f l e x  was found to  be a b s e n t  o r  
s l u g g i s h ,  t h e  l i g h t  r e f l e x  u s u a l l y  p r e s e n t , a n d  th e  p u l s e  f u l l  and 
s t e a d y .
R eg ard in g  th e  b lo o d  p r e s s u r e  we a r e  t o l d  t h a t  i t  d ro p s  s l i g h t l y  | % 5.
and t h e n  re m a in s  s t e a d y .  The lo w e s t  p r e s s u r e  r e c o r d e d  was 90 m .m ., 
and was u s u a l l y  due t o  a  la g g e  q u a n t i t y  b e in g  i n j e c t e d  -  1000 c . c .  -  1700 c . c .
In  h i s  r e p o r t  t h e r e  a r e  6  c a s e s  g iv e n  r e g a r d i n g  th e  b lo o d  p r e s s u r e  a s  
ty p e s  o f  what m ig h t  be e x p e c te d ;  b u t  th e  f a l l  seems t o  be  q u i t e  a 
s u b s t a n t i a l  o n e .
Case (1) Cys t o s c o p y . P r e s s u r e  a t  t h e  b e g in n in g  170 m.m. ( l i k e l y  
e x c i t e m e n t ) * Q u a n t i t y  u s e d  750 c . c .  I n  10 m in u te s  i t  
had  become 115 m .m ., t h e n  ro se  t o  120 m .m ., and  d u r in g  
th e  l a s t  5 m in u te s  th e  p r e s s u r e  was 130 m.m.
(2) A ppendicectom y .  Q u a n t i ty  1750 c . c . .  P r e s s u r e  f e l l  from
1Ï0  m.m. t o  90 m .m ..
(3) S t r a n g u l a t e d  h e r n i a . P r e s s u r e  o f  135 m.m. f e l l  t o  95 m .m ..
(4) I l e o - s i g ^ o ld o s t o m y .  P r e s s u r e  o f  146 m.m. b e c a # e  #0 m .m ..
(5) A ppend icec tom y . P r e s s u r e  o f  130 m.m. became 100 m .m ..
( 6 ) E x c i s i o n  o f  low er jaw . P r e s s u r e  o f  140 m.m. became 98 m .m ..
The p e r c e n ta g e  o f  r e d u c t i o n  o f  b lo o d  p r e s s u r e  i n  th e  above 6  c a s e s
i s  t h e r e f o r e  a s  f o l l o w s : -  3 2 ,1 8 ,2 9 ,  3 7 ,  23 , 30 r e s p e c t i v e l y .
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RAWDEN VEAIÆ (LEEDS) .
Rawden V eale  w ro te  a  p a p e r  i n  1912 on th e  c o m p l i c a t io n s  f o l lo w in g  (2^12, 
t h e  i n t r a v e n o u s  a d m i n i s t r a t i o n  o f  H e d o n a l ,  Oedema may. o c c u r  
i n  t h e  lu m b ar  and  g l u t e a l  r e g i o n s ,  and  b e d s o r e s  may fo rm . B l i s t e r s  
som etim es fo im  on th e  h e e l s  and o t h e r  p a r t s  owing t o  t h e  p a t i e n t  
h a v in g  b e e n  to o  l o n g  i n  one p o s i t i o n .
Pulm onary  oedema may a r i s e  a s  a r e s u l t  o f  t h e  l a r g e  q u a n t i t y  o f  
l i q u i d  i n j e c t e d ,  a p a r t  a l t o g e t h e r  from  th e  d ru g  d i s s o l v e d  i n  i t .
" I n  th e  m a j o r i t y  o f  th e  c a s e s  t h e r e  h a s  b e e n  th r o m b o s is  i n  t h e  v e in  
s e l e c t e d  f o r  th e  i n f u s i o n . "  One th ro m bus  e x te n d e d  a s  f a r  a s  t h e  
j u n c t i o n  w i th  th e  a x i l l a r y  v e i n .  T hese  seemed t o  g iv e  no t r o u b l e .
T hrom bosis  i n  th e  fe m o ra l  v e i n  seems t o  have  o c c u r r e d  o c c a s i o n a l l y ,  
even  # i e n  Hedonal was i n j e c t e d  by  t h e  arm v e i n s .
Pu lm onary  i n f a r c t i o n  h a s  t a k e n  p l a c e  a s  a  r e s u l t  o f  an  embolus 
h a v in g  b e e n  c a r r i e d  from  th e  s i t e  o f  i n j e c t i o n  14 days l a t e r .
SECTION I I .
ANAESTHETIC EFFECT,
26.
ANAESTHETIC EFFECT.
T h is  h a s  b e e n  t e s t e d  i n  the  r a b b i t ,
'  To a s c e r t a i n  t h e  pow er o f  Hedonal as a  g e n e r a l  a n a e s t h e t i c  i n  
th e  r a b b i t ,  t h e r e  were two lo n g  e x p e r im e n ts  o f  one and two ho u rs  
r e s p e c t i v e l y ,  c a r r i e d  o u t ,  t h e  d e t a i l s  o f  which a re  g iv e n  i n  th e  
p r e s e n t  S e c t i o n .
I t  h a s ,  h o w e v e r ,  b e en  c o n s id e r e d  t h a t  b e f o r e  go ing  i n t o  th e  
d e t a i l s  o f  t h e s e  e x p e r i m e n t s ,  f o r  th e  co n v en ien ce  o f  th e  r e a d e r ,  
th e  t o t a l  r e s u l t s  sh o u ld  be p la c e d  i n  t a b u l a r  fo rm , Ift t h i s  way 
a m a th e m a t ic a l  r e c o r d  can  r e a d i l y  be o b ta in e d  o f  th e  power o f  
Hedonal a s  an  a n a e s t h e t i c .
H edonal Pure
H edonal.
D u ra t io n
o f
^ n a e s t h e a i a .
W eight
o f
r a b b i t .
F i r s t
e x p e r i m e n t .
83 c . c ,  
41 c . c .
2 0  c . c .
9*5 g r a i n  
4 . 7  g r a i n  
2 .3  g r a i n
1 2 0  m in u te s .  
1  h o u r .
1  h o u r .
2 0 0 0  grammes. 
2 0 0 0  grammes 
1  k ilogram m e.
Second
e x p e r im e n t .
36 c . c ,  
40 c . c .  
19 c . c .
4 . 1  g r a i n
4 .6  g r a i n  
2 .1 9  g r a i l
54 m in u te s ,  
1  h o u r .
1 1  h o u r .
2 1 0 0  grammes 
2 1 0 0  grammes 
1  k ilogram m e.
The i m p o r t a n t  f a c t  t o  be t a k e n  from t h e  above t a b l e  i s ,  t h a t  a 
r a b b i t  f o r  m a in te n a n c e  o f  a n a e s t h e s i a  r e q u i r e s  p e r  kilgramm e o f  body 
w e ig h t  and b y  p e r f u s i o n  i n t o  th e  v e i n ,  2 ,2  g r a i n s  o f  Hedonal p e r  h o u r .
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A f t e r  s tu d y in g  th e  c o n d i t i o n s  o f  a n a e s t h e s i a  due t o  Hedonal a s  th e y  o c c u r  
i n  t h e  p r e s e n t  e x p e r im e n t s ,  i t  a p p e a r s  t o  me s u i t a b l e  t o  c o n s i d e r  them u n d e r  
f o u r  h e a d i n g s ; -
1 .  The a n a e s t h e t i c  d o s e .
2 .  The e f f e c t  on th e  e y e ,
3 .  The n a t u r e  o f  t h e  a n a e s t h e s i a ,
4 .  The c a u se  o f  d e a t h .
The e f f e c t  on th e  v a g u s  a s  se e n  i n  th e  h e a r t  t r a c i n g s  h a s  a l s o  b e e n  c o n s i d e r e d .
The a n a e s t h e t i c  d o s e : -
I n  th e  f i r s t  e x p e r im e n t  t h e  a n im a l  was u n d e r  th e  a n a e s t h e t i c  i n f l u e n c e  
o f  H edonal ( , 7 5 / )  f o r  2 h o u r s .  I t  r e c e i v e d  i n  t h i s  t im e  17 d o s e s ,  
c o n s i s t i n g  o f  from  3 c . c .  t o  10 c . c , ,  h a v in g  h ad  i n  a l l  83 c . c .  
o r  9 ,5  g r a i n s  o f  H ed ona l,  T h is  q u a n t i t y  r e p r e s e n t s  4 , 8  c , c .  ( , 5  g r a i n  
H edonal) e v e r y  sev en  m in u t e s ,  o r  a t  th e  r a t e  o f  ,25  g r a i n  H edonal p e r
k ilogram m e o f  b o d y  w e ig h t  a t  th e  same i n t e r v a l s .  I t  was fo u n d  t h a t  t h e
ab d o m in a l w a l l  a s  t e s t e d  by a n e e d l e ,  and  ev en  by  a c t u a l  i n c i s i o n ,  
became v e r y  r e a d i l y  in s e n s i t iv e  t o  p a in ,  so t h a t  a r e l a t i v e l y  s m a l l  d ose
s u c h  a s  3 c . c .  ( .3 4  g r a i n  H edonal) e q u a l  t o  .17  g r a i n  p e r  k ilogram m e o f
body w e ig h t  p e r m i t t e d  p a i n f u l  m a n ip u la t io n s  t o  be made i n  t h i s  r e g i o n  
w i t h o u t  t h e  s l i g h t e s t  movement, (E xp erim en t 1 , )  T h is  i s  i n  a c c o rd a n c e
w i t h  t h e  e x p e r i e n c e  i n  t h e  c l i n i c ,  as  one o f  t h e  c h i e f  a d v a n ta g e s  53,
o f  H edonal a s  e x p e r i e n c e d  by s u rg e o n s  h a s  b e e n  s t a t e d  t o  be 4 l
t h e  g r e a t  m u s c u la r  r e l a x a t i o n  p ro d u c e d ,  more p a r t i c u l a r l y  fef 73.
i n  th e  abdomen. On t h e  o t h e r  h a n d  a f a i r l y  l a r g e  d ose  such  a s  
10 c . c ,  ( i . e .  5 c . c .  p e r  k ilo g ram m e o r  ,5 7  g r a in )  was n e c e s s a r y  t o
a b o l i s h  t h e  p l a n t a r  r e s p o n s e  t o  t h e  n e e d le  when p r e s s e d  f i m l y
i n t o  t h e  t i s s u e s ,
' " When we exam ine th e  e x p e r im e n ta l work o f  F e d o r o ff  and J e r e m it s e h ,  1% m
we f i n d  t h a t  i n  a n im a ls  such a s  t h e  r a b b i t  and d o g , t h e r e  was
r e q u i r e d  a d o se  o f  , 1  gramme t o  , 2  gramme ( 1 ,5  t o  3 g r a in s )  itipf. 39,
o f  p u re  H edonal p e r  k ilogram m e o f  body w e ig h t  f o r  o p e r a t io n s .  T h is
i s  i n  ag re em e n t w i t h  th e  q u a n t i t y  foun d  n e c e s s a r y  p e r  h o u r  i n  th e
p r e s e n t  e x p e r im e n t s .
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E f f e c t  on  th e  e y e ; -
The a c t i o n  seemed t o  he v e r y  s i m i l a r  t o  w hat o b t a i n s  w i t h  c h lo ro fo rm  
n a r c o s i s .  Of c o u rs e  th e  changes come on much more r a p i d l y ,  a s  t h e  
d ru g  i s  s e n t  d i r e c t l y  i n t o  th e b lo o d  s t r e a m .  C h lo ro fo rm  on th e  o t h e r  
hand  b e in g  g iv e n  by c o n t in u o u s  i n h a l a t i o n ,  shows i t s  e f f e c t s  more 
g r a d u a l l y .  A s m a l l  d o se  o f  1 ,5  c . c ,  p e r  k ilogram m e ( .1 7  g r a i n  
H edonal) was fo llow ed a lm o s t  im m e d ia te ly  by d i l a t a t i o n  o f  t h e  p u p i l  
from  5 m i l l i m e t e r s  t o  7 m i l l i m e t e r s ,  ( s e e  f i r s t  dose  i n  E x p e r im e n t  1 , )  
L arge  do ses  su c h  a s  5 c . c .  p e r  k ilogram m e ( .5 7  g r a i n  Hedonal) made 
th e  p u p i l  d i l a t e  up  t o  11 m i l l i m e t e r s .  My e x p l a n a t i o n  o f  t h e s e  
phenomena i s  a s  f o l l o w s ; -  The s m a ll  dose  d i l a t e d  t h e  p u p i l  by  
s t i m u l a t i o n  o f  th e  c e r v i c a l  s y m p a th e t ic  n e r v e s .  The a c t i o n  was 
on th e  r a d i a t i n g  f i b r e s  o f  t h e  i r i s .  At t h e  same t im e ,  a s  m ig h t  
be  e x p e c te d ,  th e  s e v e n th  c r a n i a l  n e rv e  was s e e n  to  be  a c t i v e ,  th e  
o r b i c u l a r i s  p a lp e b ra ru m  c lo s in g  t h e  e y e .  VJhen t h e  l a r g e  d o se  
was a d m i n i s t e r e d ,  th e  d i l a t a t i o n  r e s u l t i n g  was due t o  p a r a l y s i s  
o f  th e  t h i r d  c r a n i a l  n e r v e ,  w hich  a c t s  on  th e  c i r c u l a r  f i b r e s  o f  
th e  i r i s .  T here  was n o t i c e d  t h a t  th e  e y e l i d s  f e l l  a p a r t  a s  i f  
f ro m  p a r a l y s i s  of the  s e v e n th  n e r v e .
R e g a rd in g  th e  c o r n e a l  r e f l e x ,  t h e  e x p e r i e n c e  v a r iw s  v e r y  much w i t h  
d i f f e r e n t  r a b b i t s .  T h is  may be th e  r e a s o n  why d i f f e r e n t  o b s e r v e r s  
h av e  g iv e n  d i f f e r e n t  r e p o r t s  on t h i s  p o i n t ,  some s t a t i n g  t h a t  
H edonal a b o l i s h e s  t h e  c o r n e a l  r e f l e x ,  w h i l e  o t h e r s  h a v e  fo u n d  
t h a t  i t  does n o t .
I n  E x p e r im e n t  I J  a l l  t h e  d o se s  from  2 c . c .  u p  t o  10 c . c .  a b o l i s h e d  
t h e  c o r n e a l  r e f l e x  e v e r y  t im e ;
The a c t u a l  q u a n t i t i e s  a r e  h e r e  shovm.
2 c . c .  H edonal ( . 7 5 / )  = .23  g r a i n  H edonal o r  ,1 1  g r a i n  p e r  k i lg ra m m e .
10 c . c .  H edonal ( . 7 5 / )  = 1 .1  g r a i n  H edonal o r  .5 2  g r a i n  p e r  kilogram m e
2 9 .
In  E x p e r im e n t  1 ,  th e  c o r n e a l  r e f l e x  was n o t  a b o l i s h e d  u n t i l  t h e  
1 2 th  d ose  o f  H ed o n a l ,  so t h a t  i n  t h i s  e x p e r im e n t  a dose  o f  ev en  8  c . c .  
o f  Hedonal f a i l e d  t o  a f f e c t  t h i s  r e f l e x .  By c o n s u l t i n g  th e  
f o l lo w in g  t a b l e  i t  may be s e e n  t h a t  s e v e r a l  d o se s  o f  m o d e ra te  s t r e n g t h  
w ere  a d m in i s t e r e d  i n  c lo s e  s u c c e s s io n  b e f o r e  t h e  r e f l e x  was 
a b o l i s h e d .
EXPERIMENT I .
D o se . T ig e .  Q u a n t i t y .
1 1 0 .3 0  3 O . O . .  ( . 7 5 ^ ) .
2 1 0 .3 9  5 c . c .
? 5 c . c .  ) H edonal f o r  35 m in u te s .4 1 1 .2 7  8  c . c .  )
5 1 1 .4 4  3 c . c .
6  1 1 .4 8  3 c . c .
7 11 .5 1  3 c . c .
8  1 1 .5 8  3 c . c .
9 1 2 .1  3 c . c .
10 1 2 .4  4 c . c .
11 1 2 .7  4 c . c .
12 12 .10  4 c . c .  C o rn e a l  r e f l e x  a b o l i s h e d
. f o r  t h e  f i r s t  t i m e .
13 1 2 .1 5  4 c . c .
14 1 2 .1 9  4 c . c .
15 1 2 .2 3  8  c . c .
16 1 2 .2 8  8  c . c .
17 1 2 .3 3  10 c . c .
The r a b b i t  r e f e r r e d  to  above w e ig h ed  2000 grammes.
I t  may be o f  i n t e r e s t  t o  q u o te  h e r e  th e  w ords o f  P r o f e s s o r  Krawkow
when he r e f e r s  to  th e  dose  o f  .5  gramme by  th e  m outh  i n  a r a b b i t  h a v in g
p r o c u re d  7 h o u r s ’ s l e e p ; -
"The r e f l e x  t o  p a i n - i r r i t a t i o n ,  and c o r n e a l  r e f l e x  a r e  4,
a n a ly s e d  w i th  g r e a t e r  d i f f i c u l t y ;  b u t  do n o t  c o m p le te ly  
d i s a p p e a r . "
A g a in ,  C a t a l d i  o f  Rome s t a t e s : -
"When t h e  d ose  e x c e e d s  .2 5  gramme p e r  k ilogram m e o f  body 
w e ig h t  an  a n a e s t h e t i c  e f f e c t  b e g in s  a s  shown among 
o t h e r  symptoms by  a w eak en ing  o f  th e  c o r n e a l  r e f l e x . "
Dr M ennell  s t a t e s  t h a t  t h e  c o r n e a l  r e f l e x  i s  v a l u e l e s s  i n  H edonal
a n a e s t h e s i a .  The s k i n  r e f l e x  on t h e  s o le  i s  more i m p o r t a n t .
;6i.
3 0 .
The N a tu re  o f  th e  A n a e s t h e s i a .
I f  we examine c l o s e l y  a lo n g  a n a e s t h e s i a  due t o  H ed o n a l ,  i t  w i l l  be 
found t h a t  such  a n a e s t h e s i a  i s  n o t  e x a c t l y  o f  t h e  same n a t u r e  a s ,  f o r  
i n - s t a n c e ,  t h a t  o f  c h lo ro fo rm  o f  e t h e r .  H edonal b e h a v e s  r a t h e r  
l i k e  t h e  p u re  h y p n o t i c s .  T hus, lo o k in g  a t  t h e  t a b l e  o f  d o se s  i n  
E x p er im e n t  I ,  a f t e r  t h e  3 rd  d o se  t h e r e  was a p e r i o d  o f  33 m in u te s  
w i th o u t  any H edonal b e in g  g iv e n .  The an im a l  was i n  a d eep  s l e e p  and  
y e t  th e  c o r n e a l  r e f l e x  was p r e s e n t ,  and  deep  i n s e r t i o n  o f  a n e e d le  
i n t o  th e  so le  o f  th e  f o o t  e l i c i t e d  a r e s p o n s e .  Under s i m i l a r  
c o n d i t i o n s ,  w i th  c h lo ro fo rm  o r  e t h e r ,  t h e  a n im a l  would h av e  b e en  
aw akened , m oving w i t h i n  8  m in u t e s .  H edonal c a u s e s  an  i n c r e a s i n g  
d ro v /s in e s s  w hich  c o n t in u e s  f o r  a  t im e  w i th o u t  any more H edonal b e in g  
r e q u i r e d ,  even when th e  c o r n e a l  r e f l e x  i s  p r e s e n t .  I n  th e  c l i n i c ,  
t h i s  f e a t u r e  o f  d ro w s in e s s  h a s  b e en  r e g a r d e d  i n  o p p o s i t e  ways by  
d i f f e r e n t  s u rg e o n s ,  some d e e g in g  t h e  p o s t - o p e r a t i v e  s le e p ( w h ic h  may 46.
l a s t  f o r  17 h o u r s )  an  a d v a n ta g e ;  b u t  o t h e r s  l o o k in g  upon t h i s  
c h a r a c t e r i s t i c  a s  p r e j u d i c i a l  t o  i t s  u s e .
Cause o f  d e a t h ; -
T h is  h a s  been  d e f i n i t e l y  a s c e r t a i n e d .  R e s p i r a t i o n  s t o p s  b e f o r e  
t h e  h e a r t .
A f t e r  th e  l a s t  dose  (10 c . c . )  i n  E x p e r im e n t  I ,  t h e  r e s p i r a t i o n  
c e a s e d  i n  30 s e c o n d s .  The h e a r t  c o n t in u e d  t o  b e a t  f e e b l y  f o r  a n o th e r  
2 ^  m in u te s  and t h e n  c e a s e d  t o  a l l  a p p e a ra n c e .  The w hole o f  t h e  
a n t e r i o r  t h o r a c i c  w a l l  was t h e n  o p e n e d ,  when i t  was found  t h a t  t h e  
h e a r t  was s t i l l  b e a t i n g ,  a l t h o u g h  t h e r e  was no r e s p i r a t i o n .  The 
h e a r t  t h e n  c e a s e d  i n  a few se co n d s  l a t e r .
The OP&GP o f  d i s a p p e a r a n c e  o f  f u n c t i o n s  was as  f o l l o w s : -
S e n s a t io n  i n  th e  abdo m ina l w a l l .
R ig h t  h i n d  l e g  -  deep  p l a n t a r  r e s p o n s e  t o  n e e d l e .
C o rn e a l  r e f l e x .
h e f t  p l a n t a r  r e s p o n s e  to  n e e d l e .
R e s p i r a t i o n .
C i r c u l a t i o n .
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F e d o r o f f  i n  th e  c l i n i c t  more e s p e c i a l l y  w a tc h e d  t h e  r e s p i r a t i o n  ^ , 2 .
r a t h e r  t h a n  th e  c i r c u l a t i o n .
E x p e r im e n t  I .
The f o l lo w in g  e x p e r im e n t  was made on a r a b b i t  w e ig h in g  2000 
grammes. The a n im a l  was f i r s t  e t h e r i z e d  and th e  ven o u s  c a n n u la  
was i n s e r t e d  i n t o  t h e  l e f t  common j u g u l a r  v e i n .  A f t e r ' t h e  t t h e r  
had  b e e n  s to p p e d  f o r  1 0  m in u te s ,  th e  r a b b i t  r e c e i v e d  th e  f i r s t  
d o se  o f  H e d o n a l .  The d e t a i l s  a r e  h e r e  s t a t e d .
9 ,5 5  a .m . E t h e r  was s t a  r t e d #
1 0 .2 0 .  E t h e r  s to p p e d .
1 0 .2 0 .  C o n d i t io n  o f  t h e  a n im a l ; -
L ig h t  r e f l e x  a b s e n t .
C o m e a l  r e f l e x  a b s e n t .
P u p i l  4 m.m. i n  d i a m e te r  -  m easu red  by  t h e  p u p i  Hom e t e r ,
E y e l id s  wide a p a r t ,  s u g g e s t i n g  deep  a n a e s t h e s i a .
1 0 .2 5 .  E f f e c t  o f  th e  e t h e r  p a s s i n g  o f f .
R e s p i r a t i o n  f a s t e r .  T h is  i s  o f t e n  a  p r e c u r s o r  o f  
s u p e r f i c i a l  s t a t e .
P u p i l  l a r g e r  -  5 m.m.
E y e l id s  c l o s e r  t o g e t h e r  -  from  r e t u r n i n g  a c t i v i t y  o f  
7 th  c r a n i a l  n e r v e .
1 0 .2 7 .  E y e b a l l s  b e g in n in g  t o  r o l l .
C o m e a l  r e f l e x  r e t u r n i n g .
J O ,2 9 . The l e f t  h in d  l e g  moved. The a n im a l  was r e t u r n i n g  to
c o n s c i o u s n e s s .
1 0 ,3 0 .  F i r s t  d o s e ; -
3 c . c .  H edonal ( . 7 5 / )
1 c . c ,  Normal S a l i n e .
The e f f e c t  was s e e n  a lm o s t  a t  o n c e .
The p u p i l  d i l a t e d  from  5 m.m. t o  7 m.m.
The abdo m ina l w a l l  was q u i t e  in s e n s i t iv e  to  t h e  
n e e d le  when w e l l  i n s e r t e d .
E y e l id s  o p en in g  w i d e ly ,  due t o  p a r a l y s i s  o f  t h e  
7 th  c r a n i a l  n e rv e  a c t i n g  on t h e  o r b i c u l a r i s  
p a lp e b ra ru m .
The c o r n e a l  r e f l e x  was s t i l l  p r e s e n t .
3 2
1 0 ,3 6 .  The eyes  w ere  b e g in n in g  to  c l o s e  from  r e t u r n i n g  f u n c t i o n  o f
th e  7 th  n e r v e .
10 .38J-. R ig h t  h i n d  l e g  t w i t c h e d  when  t h e  n e e d le  was a p p l i e d .
C o m e a l  r e f l e x  p r e s e n t .
The a n im a l  was p a s s i n g  i n t o  a s u p e r f i c i a l  s t a t e .
The second  d o se  was now g i v e n : -
5 c . c . H edon a l.  .
1 c . c .  S a l i n e .
The e f f e c t  was se e n  i n  10-15 s e c o n d s .
S l i g h t  d i l a t a t i o n  of th e  p u p i l .
E y e l i d s  more w id e ly  o p en ed .
1 0 .5 4 .  E y e b a l l  r o l l i n g  and  a limb moved.
C o rn e a l  r e f l e x  more s e n s i t i v e .
A n a e s th e s i a  p a s s i n g  o f f .
1 0 .5 0 .  N eedle  d e e p ly  i n s e r t e d  i n t o  t h e  s k i n  o f  th e  a b d o m in a l  w a l l
p ro d u c e s  no r e s p o n s e .
N eedle  d e e p l y  p i e r c i n g  t h e  s o l e  o f  th e  f o o t  c a u s e s  r e s p o n s e .  
The e y e l i d s  became more t i g h t l y  c l o s e d .
1 0 .5 4 .  T h i r d  dose  g i v e n .
6  c . c .  H edon a l .
1  c . c .  D a l in e .
The p u p i l  a t  once  d i l a t e d .
1 1 .2 .  N eed le  i n  th e  abdomen g i v e s  no r e s p o n s e .
E y e l i d s  becom ing  more t i g h t l y  c lo s e d  a g a i n .
R esponse  g o t  from  i n s e r t i n g  a  n e e d l e  i n t o  t h e  s o l e  o f  t h e  f o o t
1 1 .8 .  C o rn e a l  r e f l e x  a c t i v e .
E y e l id s  c l o s i n g  s t i l l  m ore from  a c t i o n  o f  t h e  7 th  n e r v e .
Up t o  t h i s  p o i n t ,  t h e  r i g h t  h in d  l e g  h a s  n e v e r  f a i l e d  t o  
r e s p o n d  t o  th e  n e e d le ;  i t  had  d i s a p p e a r e d  w i th  e t h e r .
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11 . 15 . No abd om in a l  r e s p o n s e  t o  n e e d l e .
C o m e a l  r e f l e x  a c t i v e .
R esponse  g o t  from  b o t h  p l a n t a r  s u r f a c e s .
I t  i s  now 26 m in u te s  s i n c e  t h e  l a s t  dose  was g iv e n ,  apd no
movement o f  th e  an im a l ( a p a r t  from  i n t e r f e r e n c e )  has- i n d i c a t e d
t h a t  i t  was w ak ing  o u t  o f  s l e e p .
lSfe#20. No ab d o m in a l r e s p o n s e  t o  th e  n e e d l e .
’ C o rn e a l  r e f l e x  v e ry  s e n s i t i v e .
The eye i s  o p e n in g ,  due to  t h e  r e t u r n i n g  a c t i v i t y  o f  t h e
this nerve
3 r d  c r a n i a l  n e r v e a c t i n g  on t h e  l e v a t o r  p a lp e b r a e  s u p e r i o r i s .
11.-27. The f o u r t h  d o se  was a d m i n i s t e r e d .
* 8  c . c .  H ed onal.
1 c . c .  S a l i n e .
T h is  was a l a r g e  dose  and th e  p u p i l  i n  e ig h t  se c o n d s  was seen
to  d i l a t e  up t o  1 1  m i l l i m e t e r s .
1 1 .3 1 .  No r e s p o n s e  w h i l e  i n c i s i o n  was made i n  t h e  abd om in a l w a l l .
R esponse  s t i l l  o b t a i n e d  from  th e  p l a n t a r  s u r f a c e .
1 1 .5 4 .  The f i f t h  d o se  was now g iv e n ,  a l t h o u g h  t h e r e  were no s ig n s  o f
s u p e r f i c i a l  s t a t e  o b s e r v e d .
3 c . c .  H ed o n a l .
1 c . c .  S a l i n e .
1 1 .4 7 .  C o rn e a l  r e f l e x  h a s  n e v e r  y e t  i n  t h i s  e x p e r im e n t  d i s a p p e a r e d .
1 1 .4 8  S i x t h  d o se  g iv e n .
3 c . c .  H e d o n a l .
1 c . c .  S a l i n e .
P l a n t a r  r e s p o n s e  t o  th e  n e e d l e , a n d  th e  c o m e a l  f e f l e x  became 
more s l u g g i s h ,
1 1 .5 1 .  S ev en th  d o s e .
3 c . c .  H e d o n a l .
1 c . c .  S a l i n e .
The p u p i l  a t  once  d i l a t e d  from  p a r a l y s i s  of t h e  c i r c u l a r  f i b r e s  
o f  t h e  i r i s .
P l a n t a r  r e s p o n s e  s t i l l  o b t a i n e d  when n e e d le  was d e e p ly  i n s e r t e d .
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1 1 .6 8 ,  E ig h th  d o se  g iv e n .
3 c . c .  H e d o n a l .  
1 c . c .  S a l i n e .
C o rn e a l  r e f l e x  and p la f a ta r  r e s p o n s e  s t i l l  a c t i v e .  .
1 2 .1 .  N in th  dose  g i v e n .
3 c . c .  H ed o n a l .
1 c . c .  S a l i n e .
P l a n t a r  r e s p o n s e  s l u g g i s h .
C o m e a l  r e f l e x  s l u g g i s h .
1 2 .4 .  T e n th  dose  g i v e n .
4 c . c .  H e d o n a l•
1 c . c .  S a l i n e .
1 2 .7 .  E l e v e n t h  d o se  g iv e n .
4 c . c .  H ed o n a l . 
1 c . c .  S a l i n e .
1 2 .8 .  Response from  th e  s o l e  o f  th e  r i g h t  f o o t  f o r  t h e  f i r s t  t im e  i s
n o t  o b t a i n e d .
The p u p i l  i s  11 m.m.
1 2 .1 0 .  T w e l f th  dose  g i v e n .  - -
4 c . c .H e d o n a l .
1 c . c .  S a l i n e .
R ig h t  p l a n t a r  r e s p o n s e  t o  n e e d le  i s  a b s e n t .
L e f t  p l a n t a r  r e s p o n s e  i s  p r e s e n t .
C o rn e a l  r e f l e x  a b o l i s h e d  f o r  t h e  f i r s t  t i m e .
1 2 .1 5 .  T h i r t e e n t h  d o s e .
4 c . c .  H e d o n a l .
1  c . c .  s a l i n e .
No c o r n e a l  r e f l e x .
No r i g h t  p l a n t a r  r e s p o n s e .
L e f t  p l a n t a r  r e s p o n s e  s t i l l  o b t a i n e d .
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1 2 .1 9 .  F o u r t e e n t h  d o s e .
4 c . c .  H ed o n a l .  
1 c . c .  S a l i n e .
C o n d i t io n s  s t i l l  t h e  same a s  a f t e r  l a s t  d o s e .
1 2 .2 3 .  F i f t e e n t h  d o s e .
8  c . c .  H edo na l,
1 c . c .  S a l i n e .
C o rn e a l  r e f l e x  a b s e n t .
E e f t  p l a n t a r  r e s p o n s e  a b s e n t  f o r  t h e  f i r s t  t i m e .
1 2 .2 8 .  S i x t e e n t h  d o s e .
8  c . c .  H ed o n a l .
1 c . c .  S a l i n e .
1 2 .3 1 .  R e s p i r a t i o n  slow  and s h a l lo w .
1 2 .3 3 .  S e v e n te e n th  d o s e .
10 c . c .  H edonal,
1 c . c .  S a l i n e ,
R e s p i r a t i o n  c e a s e d  i n  30 seco nds  a f t e r  t h i s  l a s t  d o s e .  The h e a r t  
c o n t in u e d  t o  b e a t  f e e b l y .  The p u p i l s  were l a r g e  and  e y e s  w ide  o p e n .
I n  2-g- m in u te s  a f t e r  r e s p i r a t i o n  c e a s e d ,  t h e  h e a r t  t o  a l l  a p p e a ra n c e  c e a s e d .
On now o p e n in g  a n t e r i o r l y  th e  t h o r a x ,  th e  h e a r t  was fo u n d  t o  be s t i l l  
b e a t i n g .  The a n im a l  d i e d .
I n  t h i s  lo n g  e x p e r im e n t  o f  120 m in u t e s ,  i t  may be o b s e r v e d  t h a t  t h e  
r a b b i t  r e c e i v e d  17 d o se s  o f  H edo na l,  r a n g in g  i n  q u a n t i t y  f rom  8 c . c .  t o  10 c . c .  
a  t o t a l  o f  83 c . c .
The f u n c t i o n s  d i s a p p e a r e d  i n  t h e  f o l lo w in g  o r d e r  
S e n s a t io n  i n  th e  ab d o m in a l w a l l .
R ig h t  h i n d  l e g  -  deep  p l a n t a r  r e s p o n s e  t o  t h e  n e e d l e .
C o rn e a l  r e f l e x .
L e f t  p l a n t a r  r e s p o n s e  t o  -n e e d le .
R e s p i r a t i o n ,
C i r c u l a t i o n .
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E x p er im e n t  I I .
T h i s  e x p e r i m e n t  w a s  o r i g i n a l l y  c a r r i e d  o u t  w i t h  a  t h r e e f o l d  p u r p o s e
(1) To a s c e r t a i n  th e  e f f e c t  o f  H edonal upon  th e  c a v i t i e s
o f  th e  h e a r t .
(2) T O  a s c e r t a i n  W hether and  to  w hat e x t e n t  H edonal
i n f l u e n c e s  t h e  a c t i o n  of t h e  v ag ue  n e r v e .
(3) To f i n d  o u t  th e  pow er o f  H edonal a s  a g e n e r a l  a n a e s t h e t i c .
The f i r s t  two have  b e en  d e a l t  w i th  i n  d e t a i l  e l s e w h e r e :  i t  i s
m a in ly  th e  a n a e s t h e t i c  p r o p e r t y  o f  Hedonal w h ich  i s  now u n d e r  c o n s i d e r a t i o n .
The a n im a l  w eighed  2100 gram m es.
The f o l l o w in g  o p e r a t i o n s  w ere  c a r r i e d  o u t ; -
E t h e r i z a t i o n .
T r a c h e o t o m y .
Venous c a n n u la  i n s e r t e d  i n  l e f t  j u g u l a r  v e i n .
T horax  o p e n e d ,  and th e  n e c e s s a r y  c o n n e c t io n s  made
f o r  r e c o r d i n g  th e  a c t i o n  o f  th e  a u r i c l e  and v e n t r i c l e .
Vagus n e rv e  on  e i t h e r  s i d e  was a l s o  i s o l a t e d  r e a d y  f o r  
s t i m u l a t i o n .
The b lo o d  p r e s s u r e  was n o t  r e c o r d e d .
The e x p e r im e n t  l a s t e d  f o r  54 m in u te s ,  d u r in g  w h ich  t im e  t h e  a n im a l  
r e c e i v e d  36 c . c .  o f  . 7 5 /  s o l u t i o n  o f  H ed o n a l,  o r  4 .1  g r a i n s  o f  a c t i v e  
i n g r e d i e n t .  T here  w ere  6  d o se s  o f  from 2 c . c .  t o  10 c . c . ,  on  an  
a v e r a g e  o f  6  c . c .  e ac h  t im e ,  o r  , 6 8  o f  a g r a i n  o f  H edonal e v e r y  s i x
m in u t e s ,  f o r  an  an im al w e ig h in g  2100 gram m es. T h is  i s  .32  g r a i n
p e r  k i l o g 2?arame e v e ry  6  m in u te s .  The a n a e s t h e s i a  was p e r f e c t .
By " p e r f e c t  a n a e s t h e s i a "  i n  t h i s  c a s e  i s  m ean t
(1) No v o l u n t a r y  m ovem ents .
(2) No i n v o l u n t a r y  o r  r e f l e x  m ovem ents.
(3) The v i t a l  a u to m a t i c  movements o n ly  i n  a c t i o n .
(4) C o rn e a l  r e f l e x  a b o l i s h e d .
T h is  was n o t  a l i g h t  a n a e s t h e s i a ;  t h e  a n im a l  c o u ld  p r o b a b ly  have  done 
w i th  l e s s  a n a e s t h e t i c .  I n  the  e a r l i e r  d o s e s ,  h o w e v er ,  any s u c c e e d in g  
d o se  was o n ly  a d m i n i s t e r e d  a t  th e  moment when th e  c o r n e a l  r e f l e x  r e t u r n e d .  
T h e /
37.
The l a t e r d o s e s  were g iv e n  'v / i th o u t  w a i t i n g f o r  th e  c o r n e a l  r e f l e x  t o  r e t u r n
Hence th e d u r a t i o n  o f ' a n a e s t h e s i a  r e c o rd e d f o r  t h e . l a t e r  d o se s  i s  u n d e r ­
e s t i m a t e d . A ta b  le g i v in g th e  d o s e s  w i l l show a t  a g la n c e  w hat h a s
b e e n  done: -
Time. D o se . Q u a n t i t y . A n a e s th e s i a .
1 0 .4 1 . . 1 1 0  c . c . 18 m in u te s .
10 .5 9 2 8  c . c . 9 m in u te s .
1 1 . 8 . 3 4 c . c . 3 m in u t e s .
1 1 . 1 1 4 2  c . c . 9 m in u te s .
1 1 . 2 0 5 6  c . c . 9 m in u t e s .
1 1 .2 9 6 6  c . c . 6  m in u t e s .
The f i r s t  dose  i s  i m p o r t a n t ,  b e c a u se  th e  c o rn e a  was s e n s i t i v e  t o  
to u c h  a t  th e  b e g in n i n g .
D e t a i l s  o f  t h e  E x p e r im e n t .
10 . 35 a .m .  At t h i s  t im e  a l l  d i s s e c t i o n  w hich  h ad  b e e n  c a r r i e d  o u t  
u n d e r  e t h e r  was c o m p le te d ,  th e  e t h e r  was s to p p e d  and 
a r t i f i c i a l  r e s p i r a t i o n  c o n t in u e d  a l l  t h r o u g h .
C o rn e a l  r e f l e x  a b s e n t .
1 0 .4 1 .  R igh t c o r n e a l  r e f l e x  b e g in n in g  t o  r e t u r n  a f t e r  6  m in u te s  w i th o u t
any  f u r t h e r  a n a e s t h e t i c  h a v in g  b e e n  g iv e n .
1 0 .4 1 .  The r e v o l v i n g  drum was s t a r t e d .
F i r s t  d o s e : -
10 c . c .  H edonal ( l a r g e s t  d o se  o f  a l l ) ,
1 c . c .  S a l i n e .
1 0 .4 3 .
1 0 ,4 0 .
R esponse  o f  th e  r i g h t  c o rn e a  d i s a p p e a r e d  i n  a fev/ s e c o n d s .
Drum was s to p p e d .
B oth  c o r n e a l  r e f l e x e s  a b s e n t .  E y e l id s  o f  b o th  e y e s  c l o s i n g .
3 8 .
1 0 .5 0 .  Drum s t a r t e d  and a t r a c i n g  t a k e n .
1 0 .5 1 .  Drum s to p p e d .
1 0 .6 5 .  L e f t  c o r n e a l  r e f l e x  p r e s e n t .
R ig h t  c o r n e a l  r e f l e x  a b s e n t . 
j*The r e a s o n  o f  t h e  d i f f e r e n c e  may be t h a t  t h e  l e f t  i s  
more s e n s i t i v e  b e c a u se  i t  was l e s s  i n t e r f e r e d  w i t h ,  t h e  
head  h a v in g  b e e n  ly in g  to  th e  s i d e .
1 0 .5 9 .  B oth  c o r n e a l  r e f l e x e s  a r e  nov/ p r e s e n t .
The a n im a l  i s  nov/ awake, b u t  i s  a b o u t  t o  p a s s  i n t o  a 
s u p e r f i c i a l  s t a t e  o f  a n a e s t h e s i a .  |
The f i r s t  d o se  (10 c . c . )  h a s  t h e r e f o r e  k e p t  t h e  c o m e a l  r e f l e x e s  
a b s e n t  f o r  18 m in u te s .  T here  h a s  t h e r e f o r e  b e e n  c o m p le te
a n a e s t h e s i a  d u r in g  t h i s  p e r i o d .
1 0 .5 9 .  Drum s t a r t e d .
1 0 .5 9 .  Second d o s e ; -
8  c . c .  H ed o n a l ,
1 c . c .  S a l i n e .
C o rn e a l  r e f l e x  was a b o l i s h e d  i n  a  fev/ s e c o n d s .
1 1 .1 .  Drum s to p p e d .
1 1 .8 .  C o rn e a l  r e f l e x  was a g a i n  a p p a r e n t .
The seco nd  dose  h a s  g iv e n  9 m in u te s  a n a e s t h e s i a .
1 1 .8 .  Drum s t a r t e d .
1 1 .8 .  T h i r d  d o s e ; -
4 c . c ,  H e d o n a l .
1 c . c .  S a l i n e .
C o rn e a l  r e f l e x  was a b o l i s h e d .
1 1 .1 0 .  Drum s to p p e d .
1 1 .1 1 ,  C o r n e a l  r e f l e x  r e t u r n e d .  T h is  d o se  h a s  g iv e n  3 m i n u t e s ’a n a e s t h e s i a
My e x p e r i e n c e  h a s  b e e n  t h a t  t h e  l e f t  s i d e  o f  th e  body  i s  u s u a l l y
more s e n s i t i v e  t h a n  th e  r i g h t ,  b o th  a s  t o  to u c h  and  e l e c t r i c
s t i m u l i  «
3 9 .
F ig u r e  LKXXIX.
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1 1 , 11 . • Drum s t a r t e d .
1 1 .1 1 .  F o u r t h 'd o s e : -
2 c . c .  Hedonal ( .2 3  g r a i n  o r  .11  p e r  k i lo g ra m m e .
1 c . c .  S a l i n e .
« * . ■ ■ ■
C o rn e a l  r e f l e x  ev en  w i t h  t h i s  dose  was im m e d ia te ly  
. a b o l i s h e d .
1 1 . 1 2 ^ .  brum s to p p e d .
1 1 .1 3 J .  Drum s t a r t e d .
L e f t  vagu s  was now c u t  and a t h r e a d  a t t a c h e d .  .
Ô o rn ea l  r e f l e x  s t i l l  a b s e n t ,  t h e  a n im a l  b e in g  a n a e s t h e t i s e d .  
From t h i s  p o in t  t h e  t r a c i n g  can  be f o l l o w e d i n  F ig u r e  LXXXIX.
11*16. S t i m u l a t i o n  o f  t h e  l e f t  vagu s  n e rv e  w i th  th e  se c o n d a ry  c o i l
s t a n d in g  a t  5 c e n t i m e t e r s .  D u rin g  th e  s t i m u l a t i o n  t h e  
v e n t r i c l e  c e a s e d  i n  d i a s t o l e .  The h e a r t  h a d  q u i t e  s to p p e d .  
W henever t h e  c u r r e n t  was w i th d ra w n , t h e  h e a r t  resum ed 
a c t i o n ;  b u t  i t s  r a t e  was red u c ed  f o r  a few s e c o n d s ,  a f t e r  
w h ich  i t  became n o rm a l .
1 1 .1 7  t o  1 1 .1 8 .  Drum was s to p p e d .
1 1 .1 8 .  S t i m u l a t i o n  o f  d i s t a l  e x t r e m i t y  o f  l e f t  vagu@ w i th
c o i l  a t  1 0  c e n t i m e t e r s .
The h e a r t  s to p p e d  in  d i a s t o l e  a g a i n  and t h e n  resum ed b e a t i n g .  
Vagus was s t i m u l a t e d  w i t h  th e  c o i l  s t a n d i n g ^ a t ^ i o ^ c e n t i m e t e r s . 
T h is  shows t h e  minimum e f f e c t  o f  t h e  in d u c e d  c u r r e n t .  There  
i s  no  c e s s a t i o n  i n  d i a s t o l e .  T h e re  i s  no d im in is h e d  
g^m plitude . T h ere  i s  o n ly  th e  r e t a r d i n g  o f  th e  h e a r t  r a t e .  , 
I t  i s  9 m in u te s  s in c e  t h e  l a s t  d o se  o f  H edon a l and t h e  
a n im a l  i s  s t i l l  a n a e s t h e t i s e d .  .
1 1 .1 9  t o  1 1 .2 0 .  The drum was s to p p e d .
41,
1 1 .2 0 .  F i f t h  d o se ;
6  c . c .  ■^edonal.
1 c . c .  S a l i n e .
At th e  moment o f  m axim al e f f e c t  of t h i s  d o se  upon th e  h e a r t ,  
th e  l e f t  v ag u s  was s t i m u l a t e d  w i t h  th e  c o i l  a t  2 0  c e n t i m e t e r s .  
T h is  i s  th e  same c u r r e n t  a s  b e f o r e  when no d i a s t o l i c  c e s s a t i o n  
was se e n  -  o n ly  r e t a r d a t i o n  o f  th e  c a r d i a c  r a t e .  I n  th e  
p r e s e n t  c o n d i t i o n s ,  h ow ever, t h e  r e s u l t  v/as " s t a n d - s t i l l ” o f  
t h e  h e a r t  i n  d i a s t o l d  f o r  2 s e c o n d s .  When th e  im m ed ia te  
e f f e c t  o f  t h i s  H edonal dose had  p a s s e d  o f f ,  s t i m u l a t i o n  o f  th e  
v agus  w i t h  the  c o i l  a t  25 and 22 c e n t i m e t e r s  r e s p e c t i v e l y ,  h ad  
no e f f e c t .  The h e a r t  t h e n  f u l l y  r e c o v e r e d .  The vagus was 
nov/ s t i m u l a t e d  when th e  maximum e f f e c t  o f  H edonal on  th e  h e a r t  
had  p a s s e d  o f f ,  u s i n g  th e  same c u r r e n t  a s  when th e  h e a r t  was 
most a f f e c t e d  b y  p e d o n a l ,  v i z .  w i th  t h e  c o i l  s t a n d i n g  a t  
20 c e n t i m e t e r s .  T here  was no c e s s a t i o n  i n  d i a s t o l e ,  b u t  o n ly  
s lo w in g  o f  th e  h e a r t  r a t e ,  v /h ich  shows t h e " o r ^ n - p i p e "  
a p p e a ra n c e  i n  th e  t r a c i n g .
1 1 .2 9 .  A lth o u g h  th e  a n im a l  v;as s t i l l  a n a e s t h e t i s e d ,  more H edonal was
a d m i n i s t e r e d .
S ix th  d o s e : -
6  c . c .  H edo na l.
1 c . c .  S a l i n e ,  ( s e e  F i g u r e  LXXXI).
The e f f e c t  l a s t e d  a t  l e a s t  f o r  6  m i n u t e s ,  t h e  a n im a l  b e in g  
« - s t i l l  a s l e e p ,  and  c o r n e a l  r e f l e x  n o t  h a v in g  r e t u r n e d  a t  1 1 . 3 5 .
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SECTION I I I .
EFFECT ON IHE HEART OF THE RABBIT WITH SPECIAL REEBEMCE TO
(a) A m plitude o f  c o n t r a c t io n  o f  th e  a u r i c l e ,
(b) A m plitude o f  c o n t r a c t io n  o f  t h e  v e n t r i c l e ,
(c )  C ard iac r a t e .
*
4 3 .
T h e  e f f e c t  h a s  a l w a y s  b e e n ,  t h a t  t h e r e  w a s  m a r k e d  d e c r e a s e  i n  t h e  
a m p l i t u d e  o f  c o n t r a c t i o n  o f  t h e  a u r i c l e  a n d  o f  t h e  v e n t r i c l e ,  w h e n  
H e d o n a l  w a s  p e r f u s e d .
No a p p r e c i a b l e  change was o b s e rv e d  i n  t h e  c a r d i a c  r a t e .
The e f f e c t  §n th e  v e n t r i c l e  was a lw ays g r e a t e r  t h a n  t h a t  on t h e  a u r i c l e .
I t  was u s u a l l y  found  t h a t  c o m p le te  r e c o v e r y  a f t e r  a  d ose  more r e a d i l y  
fo l lo w e d  i n  th e  c a se  of t h e  a u r i c l e  t h a n  i n  t h a t  o f  t h e  v e n t r i c l e :
a l t h o u g h  th e  r e v e r s e  was se en  i n  F ig u r e  2 6 , when a d ose  o f  .25  o f  a  g r a i n
p e r  k ilogram m e was g iv e n .  I n  t h i s  i n s t a n c e  t h e  v e n t r i c l e  f u l l y  
r e c o v e r e d :  t h e  a u r i c l e  d i d  n o t  f u l l y  r e c o v e r .
of contraction.
The g r e a t e r  th e  dose  th e  more m arked was th e  r e d u c t i o n  i n  a m p l i tu d e ^
The t im e  t a k e n  t o  r e c o v e r  f rom  any one d o se  was f o u n d ,  a s  a r u l e , t o  be  
g r e a t e r  t h a n  t h e  t im e  r e q u i r e d  t o  b r i n g  a b o u t  th e  maximum e f f e c t ,  
a f t e r  b e g in n in g  t o  p e r f u s e  t h e  d ru g .
A m o d e ra te  do se  f o r  a r a b b i t  i s  .16  g r a i n  o f  H edonal p e r  k ilogram m e
o f  body w e ig h t .  I n  t h e  p r e s e n t  c a s e  by t h e  te rm  "a m o d e ra te  d o s e ” i s
m eant one a f t e r  w hich  c o m p le te  r e c o v e ry  to o k  p l a c e  t o  t h e  p r e v a i l i n g  
c o n d i t i o n s  im m e d ia te ly  b e f o r e  p e r f u s i o n .  T h is  i s  th e  q u a n t i t y  g iv e n  
i n  F i g u r e s  30 and from  w hich  t h e r e  was c o m p le te  r e c o v e r y  i n  t h e  
a u r i c l e  and v e n t r i c l e  as r e g a r d s  a m p l i tu d e  o f  m ovem ent. I t  w a s  
r e p r e s e n t e d  b y  a d o se  o f  4 c . c .  ( .4 6  g r a in )  o f  H edonal s o l u t i o n  ( . 7 5 ^ ) ,  
th e  r a b b i t  w e ig h in g  2800 grammes.
When a d o se  o f  .2  g r a i n s  p e r  k ilog ram m e (F ig u r e  30) was g i v e n ,  
c o m p le te  r e c o v e r y  t o  th e  fo rm e r  c o n d i t i o n s  was n o t  a lw ays o b s e r v e d .
T here  w ere  tw e lv e  e x p e r im e n ts  made. The a v e ra g e  r e s u l t s  may be 
s e e n  i n  F i g u r e s  2 6 , 2 7 , 2 8 , 30 and  w h ich  a re  h e r e  p ro d u c e d .
The s o l u t i o n  em ployed was .7 5^  i n  s a l i n e ,  e x p e p t  i n  one c a se  (F ig u r e  26) 
w here  a  s o l u t i o n  w a s  u s e d .
Some o f  t h e  f i g u r e s  a l s o  show a b lo o d  p r e s s u r e  t r a c i n g ;  b u t  t h i s  
e f f e c t /
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e f f e c t  h a s  n o t  b e e n  c o n s id e r e d  h e r e ,  a s  i t  h a s  b e e n  d e a l t  w i t h  e l s e w h e r e .
The o p e r a t i o n s  c a r r i e d  o u t  i n  e a c h  e x p e r im e n t  were a s  f o l l o w s : -
A n a e s t h e s i a .  The a n im a l  was a n a e s t h e t i s e d  by  e t h e r .
T racheo to m y . The t r a c h e a  was e x p o se d  i n  th e  u s u a l  way. A g l a s s
tu b e ,  o r  one o f  M cColl*s b r a s s  t r a c h e a l  tu b e s  
was i n s e r t e d ,  and th e  c o n n e c t io n  was made w i th  
th e  e t h e r  b o t t l e ,  a r t i f i c i a l  r e s p i r a t i o n  b e in g  
c a r r i e d  o u t  by an e l e c t r i c  a i r  pump.
I n s e r t i o n  o f  v enous c a n n u l a .  A g l a s s  tu b e  f i l l e d  w i t h  n o rm al s a l i n e
was i n s e r t e d  i n t o  th e  l e f t  common j u g u l a r  v e i n .  
T h e r e a f t e r  i t  was c o n n e c te d  w i t h  a  d o u b le  b u r e t t e  
s t a n d  f o r  h o ld in g  no rm al s a l i n e  and H edonal s o l u t i o n  
r e s p e c t i v e l y .
I n s e r t i o n  o f  th e  a r t e r i a l  c a n n u la .  A g l a s s  c a n n u la  was i n s e r t e d
i n t o  t h e  r i g h t  c a r o t i d  a r t e r y  and th e  c o n n e c t io n  
was made w i t h  t h e  b lo o d  p r e s s u r e  r e c o r d i n g  a p p a r a t u s .
D i s s e c t i o n  o f  t h e  a n t e r i o r  t h o r a c i c  w a l l .  When th e  s te rn u m  and  a
p o r t i o n  o f  th e  r i b s  were rem oved , t h e  p e r i c a r d i u m  was 
opened and  f i x e d  on  e a c h  s i d e  by  b u l l - d o g  c l i p s ,  t o  
th e  r e m a in in g  t h o r a c i c  w a l l .  The h e a r t  was t h u s  
s lu n g  i n  a c r a d l e  fo rm ed  by t h e  p e r i c a r d i u m  p o s t e r i o r l y .  
A s m a l l  m e ta l  c l i p  was a t t a c h e d  t o  th e  a n t e r i o r  
s u r f a c e  o f  th e  a u r i c l e  and one to  t h e  v e n t r i c l e ,  
t h r e a d s  b e in g  l e d  from  t h e r e  t o  th e  t r a v e l l i n g  
smoked p a p e r  w h ich  i n  t h e  p r e s e n t  e x p e r im e n t  was 
12 f t . l o n g  X 1 f t . d e e p .
Each  f i g u r e  shov/s s i x  l i n e s  f rom  to p  to  b o t to m  as  f o l lo w s
T r a c in g  from  t h e  a u r i c l e .
T r a c in g  from  t h e  v e n t r i c l e .
B lood p r e s s u r e  (when p r e s e n t ) .
A b s c i s s a  l i n e .
S i g n a l  l i n e .
Time l i n e  i n  se c o n d s .
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F ig u r e  XXX.
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FIGURE XXX.
In  F ig u r e  XXX th e  r a b b it  w eig h ed  2800  gram m es.
The t r a c in g  i s  a s e l e c t e d  p o r t io n  from  one o f  10 f e e t  lo n g  and show s 
th r e e  l i n e s .  The to p  one i s  ta k e n  from  th e  a u r i c l e ,  th e  m id d le  one  
from  th e  v e n t r i c l e ,  and th e  lo w e s t  one r e p r e s e n ts  th e  b lo o d  p r e s s u r e .
The b lo o d  p r e s s u r e  h a s  n o t  b ee n  c o n s id e r e d  in  t h i s  s e c t i o n .
A d o se  o f  4 c . c .  ( .4 6  g r a in )  and one o f  6 c . c .  (#69  g r a in )  w ere  
a d m in is te r e d  by th e  ju g u la r  v e in  and th e  r e s u l t s  a r e  t a b u la t e d  b elow #
In  t h i s  ex p er im en t th e  h e a r t  r e c o v e r e d  i t s  p r e v io u s  a m p litu d e  o f  
c o n t r a c t io n  o f  b o th  a u r ic l e  and v e n t r i c l e  a f t e r  th e  s m a lle r  d o se :  a f t e r
th e  seco n d  d o se  th e  a u r ic l e  q u i t e  r e c o v e r e d  i t s  form er a m p litu d e , b u t th e  
v e n t r i c l e  a f t e r  r e c o v e r y  r e c o r d e d  o n ly  28  m i l l i m e t e r s ,  b e in g  a l o s s  o f  
10 m i l l im e t e r s  in  a m p litu d e , e q u a l to  2 6 ^ . The d o se  o f  6 c . c .  t h e r e f o r e ,  
ap p ea rs  t o  be r a t h e r  l a r g e .
The c a r d ia c  r a t e  h as n o t  b e e n  a l t e r e d  by e i t h e r  d o s e .
TABLE I .
A m p litu d e
b e fo r e
H edonal
was
g iv e n .
Dose
g iv e n .
A m plitude
a f t e r
H edonal
d o s e .
Time 
t 0  show 
maximum 
e f f e c t .
Time o f
r e c o v e r y
a f t e r
f u l l
e f f e c t .
L o ss
in
a m p li­
t u d e .
P e r c e n t­
age o f  
l o s s  a t  
time o f  
d o s e .
R eco v ery .
A u r ic le
19 ra.m. 4 c . c . 14 m.m. 20 s e c s . 25 s e c s . 5 m.m. 26 C om plete
19 m.m. 6 c . c . 10 m.m. 18 s e c s . 30 s e c s 9 m.m. 47 C om plete
V e n t r ic le
38  m.m. 4 ~ c . c . l 8  m.m. èo s e c s . 6 o  s e c s , 2Ô m.m. 52 C om plete
3 8  m.m. 6 c . c . 5 ra.m. 18 s e c s . 40 s e c s , 33 m.m. 86 In co m p let
N o te : -  In c o m p le te  r e c o v e r y  m ean s, th a t  th e  h e a r t  had n o t r e tu r n e d  f u l l y  t o
i t s  p r e v io u s  c o n d it io n  a t  th e  tim e  a su b se q u en t d o se  was a d m in is te r e d #
4 7 .
F4gure  XXXII
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F ig u re  XXVIII.
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4 8 .
FIGURE XXXII.
F ig u r e  XXXII i s  a  t r a c i n g  t a k e n  from  th e  h e a r t  o f  a  r a b b i t  w e ig h in g  
2100 gram m es. I t  r e p r e s e n t s  th e  e f f e c t  o f  a l a r g e  dose  a d m i n i s t e r e d  s i x  
m in u te s  a f t e r  t h e  e t h e r  v/as w ith d raw n  and when a n a e s t h e s i a  was p a s s in g  
o f f ,  a s  was shown by th e  c o r n e a l  r e f l e x  r e t u r n i n g .
The d o se  a d m i n i s t e r e d  w a s : -
'•dO c . c .  H edonal and 
1 c . c .  S a l i n e .
The u s u a l  r e s u l t  was o b t a i n e d  a s  i n  o t h e r  e x p e r im e n t s .  T h is  i s  v e ry  
m arked i n  th e  v e n t r i c l e .  The a m p l i tu d e  o f  c o n t r a c t i o n  o f  th e  v e n t r i c l e  
w h ich  was 58 m i l l i m e t e r s ,  became o n ly  1 2  m i l l i m e t e r s ,  a  l o s s  o f  79^: i t
d i d  n o t  f u l l y  r e c o v e r .  The a u r i c l e  h a s  b e e n  a f f e c t e d  s i m i l a r l y  b u t  
i n  a  l e s s e r  d e g r e e .
The c a r d i a c  r a t e  h a s  been  u n ch an g e d .
*»*10 c . c .  o f  H edonal ( . 7 5 / )  c o n t a i n s  1 .1  g r a i n  o r  
.5 2  g r a i n  p e r  k i lo g ra m m e .
FIGURE X X VIII.
F ig u r e  XXVIII i s  p ro d u c e d  t o  whow t h e  e f f e c t  o f  a  v e r y  m o d e ra te  d o se  
o f  H edonal on a. l a r g ^ ^ w e îg h in g  2800 grammes. The e f f e c t  was q u i t e  m arked 
w i t h  a d o se  o f  3 c . c .  and o f  4 c . c . .  I t  was g r e a t e r  i n  th e  v e n t r i c l e  th a n
i n  th e  a u r i c l e ,  and r e c o v e ry  was co m p le te  i n  e a c h  c a s e .  R ecovery  was
found t o  t a k e  p l a c e  so o n e r  t h a n  w i th  th e  l a r g e r  d o s e s  such  a s  6  c . c .  o r  8  c . c .
. N o te ; -  3 c . c .  H edonal ( . 7 5 / )  c o n ta in s  .3 4  g r a i n  = .12  g r a i n  p e r  k ilo g ram m e . 
4 cLo. " " ” .4 6  g r a i n  = .16  g r a i n  "
6  c . c .  ” " " .69  g r a i n  = .23  g r a i n  "
8  c . c .  " " " .9 2  g r a i n  = .3 2  g r a i n  "
The above e s t i m a t i o n s  have  b een  made on th e  a s s u m p t io n  t h a t  a  1 /  S o l u t i o n  i s  
r e p r e s e n t e d  by  1  g r a i n  i n  1 1 0  m in im s, s e e i n g  t h a t  1  o s .w a t e r  w e ig h s  437^ g r a i n s .
By t h e  e q u a t i o n a l  m ethod we h a v e : -
1 6 .9  minims 8  c . c .  U75 g r a i n s  = .n o
1  c . c .  1 1 0  minimsT x g r a i n s .
(See T a b le  I I . )  .
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TABLE 2 .
( R e f e r r i n g  t o  F ig u r e  X X V I I I . ) .
A m p litu d e  
b e f o r e  
H edonal 
was g iv e n .
D o se . A m plitude
a f t e r
H edonal •
Time 
t o  show  
maximum 
e f f e c t .
Time
ta k en
t o
r e c o v e r .
L oss
in
a m p li­
tu d e .
P e r c e n t­
a ge  o f  
l o s s .
E x te n t
o f
r e c o v e r y .
A u r ic le
22 m.m. 3 c . c . 18 m.m. 20 s e c s . 30 s e c s . 4 m.m. 18 C om plete
22 m.m. 4 c . c . 16 m.m. 25 s e c s . 35 s e c s . 6 m.m. 27 C om plete
V e n t r ic le
78 m.m. 3 c . c . 58 m.m. 20 s e c s . 3b s e c s . bo m.m. % C om plete
78 m.m. 4 c . c .
- -^---------a
46 m.m. 30 s e c s . 40 s e c s , 32  m.m. 41 C o m p lete .
FIGURE XXVII.
The above f i g u r e  i s  a t r a c in g  ta k e n  from  a r a b b it  w e ig h in g  2300 grammes. 
Two l a r g e  d o se s  o f  H edonal w ere p e r fu s e d  and th e  e f f e c t s  a r e  r e c o r d e d  in  
t a b u la r  fo im . The r e s u l t  shows t h a t  t h e  e f f e c t  o f  su c h  d o s e s  e v e n  i n  a 
la r g e  r a b b it  i s  v e r y  m arked; b ut t h a t  r e c o v e r y  i s  g o o d . F u r th e r  -  th e  
r e l a t i v e  e f f e c t  on  th e  v e n t r i c l e  i s  much g r e a t e r  th a n  t h a t  on th e  a u r ic le ^  
and t h e  a u r ic l e  r e c o v e r e d  so o n e r  th a n  th e  v e n t r i c l e  i t s  fo rm er a m p litu d e  
o f c o n t r a c t io n .
TABLE I I I .
( r e f e r r i n g  t o  Figure3QCVII.)
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' (^'In 40 seco n d s  a f t e r  t h e  maximum e f f e c t  o f  8  c . c . ,  t h e  a m p l i tu d e  o f
c o n t r a c t i o n  o f  th e  v e n t r i c l e  was 34 m .m ., r e p r e s e n t i n g  a  l o s s  o f  8  m.m. 
T here  was th e n  a p a u se  o f  2 m in u te s  i n  th e  movement o f  t h e  smoked p a p e r ,  
when i t  was found  t h a t  t h e  a m p l i tu d e  had  b e e n  f u l l y  r e s t o r e d  t o  42 m.m.
I t  i s  l i k e l y  t h a t  i f  th e  h e a r t  had  b e e n  g iv e n  more t im e  
a f t e r  t h e  f i r s t  d o s e ,  t h e  v e n t r i c l e  would have  a l s o  b e en  
f u l l y  r e s t o r e d .
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FIGURE XXVI.
F ig u r e  XXVI i s  t a k e n  from th e  h e a r t  o f  a r a b b i t :  w e ig h in g  1800 grammes, and 
shov/s th e  e f f e c t  o f  one dose  o f  H edo na l.  The H edonal s o l u t i o n  was 1 /  i n  
s a l i n e .  The d i s s e c t i o n  to o k  a  lo n g  t im e .a n d  th e  a n im a l  became m o rib u n d , th e  
b lo o d  p r e s s u r e  r e g i s t e r i n g  o n ly  6  m .m .. T h ere  was t h e r e f o r e  a d m i n i s t e r e d  by 
hypoderm ic  n e e d le  i n t o  t h e  r u b b e r  tu b e  o f  th e  venous c a n n u la ,  a  dose  
c o n s i s t i n g  o f
.5  c . c .  A d r e n a l i n  (1 i n  1000)
.5  c . c .  S a l i n e .
T hese  w ere  m ixed  i n  t h e  s y r i n g e .  The t r a c i n g  s t a r t s  w i t h  t h e  e f f e c t  
o f  t h i s  d o se  s t i l l  a c t i n g .
The a m p l i tu d e  o f  c o n t r a c t i o n  of th e  a u r i c l e  was 28 m.m. and  i n  30 seco nds  
i t  had  become 32 m .m ..
The v e n t r i c l e  l i n e  was 38 m.m. and i n  30 se c o n d s  i t  h ad  become 48 m.m.
The f o l lo w in g  d o se  v/as t h e n  g i v e n : -
3 c . c .  H edonal ( l / . )
3 c . c .  S a l i n e .
The r e s u l t  i n  t h e  a u r i c l e  l i n e ; -  I n  3 se c o n d s  a f t e r  b e g in n in g  t o  p e r f u s e  
th e  d ru g  (3 c . c .  o f  1 /  H edonal o r  .46  g r a i n  H edonal)  and b e f o r e  i t  
had a l l  b e e n  i n t r o d u c e d ,  th e  c o n t r a c t i o n  of t h e  a u r i c l e  b e g a n  to  
d im in i s h  i n  i t s  a m p l i tu d e .  I n  30 se c o n d s  th e  maximum e f f e c t  was 
o b t a i n e d  -  6  m.m. The a u r i c l e  i n  35 seco n d s  l a t e r  had  r e c o v e r e d ,  
b u t  n o t  t o  i t s  f o r m e r  a m p l i tu d e .  I t  became 20 m.m.
The r e s u l t  i n  t h e  v e n t r i c l e  l i n e : -  I n  45 se co n d s  t h e  maximum e f f e c t  was
of contraction
o b t a i n e d ,  th e  a m p l i tu d e ^ b e in g  8  m .m .. F o r  30 seco n d s  i t  h ad
rem a in e d  a b o u t  10 m .m .. I n  40 seco n d s  a f t e r  t h e  maximum e f f e c t
of contraction
th e  v e n t r i c l e  had  r e c o v e r e d  i t s  fo tn n e r^ a m p li tu d e  -  48 m .m ., R ecovery  
was t h e r e f o r e  c o m p le te .
54
At t h e  end  o f  t h e  t r a c i n g  th e  drum was s to p p e d  on f i v e  o c c a s i o n s ,  th e  
t im e  b e in g  m arked  on th e  c h a r t . Though t h i s  s e c t i o n  i s  n o t  d e a l i n g  w i t h  
b lo o d  p r e s s u r e ,  i t  may b e  rem arked  t h a t  t h e  b lo o d  p r e s s u r e  l i n e  h a s  p a s s e d  
i n t o  t h e  v e n t r i c l e  l i n e  and  h a s  become l o s t  t o  v iew .
I n  t h e  above  e x p e r im e n t ,  t h e r e  i s  a  m arked e f f e c t  upon th e  a u r i c l e  
and v e n t r i c l e ,  ev en  w i th  what h a s  b e e n  c o n s id e r e d  i n  o t h e r  e x p e r im e n ts  a  
m o d e ra te  d o se  f o r  a  r a b b i t ;  b u t  t h e  s t r e n g t h  o f  th e  s o l u t i o n  i n  t h i s  
s i n g l e  i n s t a n c e  h a s  b e e n  g r e a t e r  and  e x p l a i n s  th e  more p ro fo u n d  e f f e c t .
TABLE IV .
A m plitud
b e f o r e
H ed o n a l .
e
D o se .
A m plitude
a f t e r
H edon a l.
Time f o r  
maximum 
e f f e c t .
Time
f o r
r e c o v e r y .
Loss
i n
a m p l i ­
t u d e .
P e r c e n t ­
ag e  o f  
l o s s .
E x te n t
o f
r e c o v e ry ,
A u r ic l e 32 m.m. 3 c . c .  
o f  1 / .
6  m.m. 30 s e c s . 35 s e c s . 26 m.m. 81 P a r t i a l
V e n t r i c l e 48 m.m. 3 c . c .  
o f  1 ^ .
8  m.m. 45 s e c s . 40 s e c s . 40 m.m. 83 C o m p le te .
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SECTION IV .
EFFECT OF HEDONAL ON THE HEART OF 
THE FROG.
'
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E f f e c t  o f  Hedonal on th e  e x c i s e d  h e a r t  o f  t h e  f r o g : -
(a) A m plitude  o f  h e a r t ’ s movement.
(b) C a rd ia c  r a t e .
Seven e x p e r im e n ts  were c a r r i e d  o u t  by  p e r f u s i o n  w here t h e  d r u g -  
s o l v e n t  and r e s t o r a t i v e  w ere  i d e n t i c a l ,  v i z . ,  " S h e r r i n g t o n . ”
One e x p e r im e n t  was made w here t h e  s o l v e n t  was . 5 /  no rm al S a l i n e  
and th e  r e s t o r a t i v e  was " S h e r r i n g t o n . ”
T h e re  was one e x p e r im e n t  w i t h  t h e  s o l v e n t  and  th e  r e s t o r a t i v e  b o th  
s a l i n e  b u t  o f  d i f f e r e n t  s t r e n g t h s ,  v i z . ,  . 9 /  a n d  , 7 5 / r e s p e c t i v e l y .
L a s t l y ,  one e x p e r im e n t  i s  i n c l u d e d  where t h e  Hedonal s o l u t i o n  was 
d ro p p ed  on th e  h e a r t ’ s s u r f a c e .
D e a l in g  c o l l e c t i v e l y  w i t h  th e  e x p e r im e n ts  p ro d u ced  i n  t h i s  s e c t i o n ,  
t h e  g e n e r a l  r e s u l t s  a r e  now r e p o r t e d .
I n  th e  f i r s t  e i g h t  t r a c i n g s  ( s e v e n  e x p e r im e n ts )  t h e  s t r e n g t h  o f  th e  
Hedonal s o l u t i o n  u se d  was 1 i n  2000 , 1 i n  1000, an d  1 i n  250 r e s p e c t i v e l y .  
The d r u g  s o lv e n t  was th e  same a s  th e  c o n t r o l  o r  r e s t o r a t i v e  s o l u t i o n  i n  
each  o f  t h e s e ,  v i z . ,  " S h e r r i n g t o n . "
E f f e c t  on a m p l i tu d e  o f  c a r d i a c  c o n t r a c t i o n .
The m ost p ro m in e n t  and c o n s ta n t  e f f e c t  u p on  th e  h e a r t  was a  
d i m in u t io n  i n  t h e  a m p l i tu d e  o f  th e  c o n t r a c t i o n .
A s o l u t i o n  o f  1 i n  2000 som etim es f a i l e d  t o  a f f e c t  t h e  a m p l i tu d e  o f  
c o n t r a c t i o n  a s  i n  F ig u re  6 , a rro w  5 on  page 6 6 . T h is  i s  t h e  w e a k e s t  
s o l u t i o n  w h ic h  h as  p ro d u ced  any  d im in u t io n  i n  a m p l i tu d e  o f  c o n t r a c t i o n .
The e f f e c t  i s  seen  i n  Figurée 1 ,  a rro w s  5 ,  9 ,  11 and  13 , on  pag e  6 0 .
The s t r o n g e s t  s o l u t i o n  u s e d  ( 1  i n  250) h a s  f r e q u e n t l y  s to p p e d  t h e  
a c t i o n  o f  t h e  h e a r t  e n t i r e l y ,  a s  can  b e  s e e n  i n  F ig u r e  IV , pag e  63 , 
and  i n  F ig u r e  I I I ,  a r ro w  5, on  page  6 3 .
For c o m p o s i t i o n  see p .  18 ,  V o l .  I I .
57 .
A s o l u t i o n  o f  1 i n  1000 h a s  ev en  c a u se d  s to p p a g e  o f  th e  h e a r t ,  a s  
i n  F ig u r e  1 ,  a rrow  7 .  In  t h i s  case  " S h e r r in g to n "  p e r f u s e d  b e f o r e  th e  
h e a r t  had  e n t i r e l y  s to p p e d ,  f a i l e d  t o  a v e r t  th e  f i n a l  c h a n g e .
E f f e c t  o n  c a r d i a c  r a t e ; -
Weak s o l u t i o n s ,  such a s  1 i n  2000 i n c r e a s e d  th e  r a t e  a t  f i r s t ;  i n  
F ig u re  I I ,  a rrow  3 ,  t h e  i n c r e a s e  was 1 8 / .  S u b seq u e n t  d o s e s  i n c r e a s e  
th e  r a t e  l e s s  th a n  a t  f i r s t ;  i n  F ig u re  I I ,  a rro w  5 ,  th e  r e d u c t i o n  v/as 
o n ly  11 p e r  c e n t .  T h is  r e s u l t  was im p o r t a n t  a s  i t  was n e a r  t h e  
b e g in n in g  o f  th e  e x p e r im e n t  and  the  h e a r t  was l e s s  a f f e c t e d  b y  o t h e r  
d o s e s .  T h is  r e s u l t  can a l s o  be seen  i n  F ig u r e  1 , a rro w s  9 ,  1 1  and 13 , 
on p age_6 0 .
S o l u t i o n s  o f  1 i n  1000 a l s o  i n c r e a s e d  th e  r a t e  a t  f i r s t ,  t o  be fo l lo w e d  
so o n e r  b y  r e t a r d a t i o n .  T h is  i s  v e ry  s t r i k i n g  i n  F ig u r e  I I ,  l i n e  1 ,  where 
t h e  r a t e  i s  i n c r e a s i n g l y  r e d u c e d ,  ev en  th o u g h  th e  r e s t o r a t i v e  h as  b e e n  
p e r f u s e d  -, see  a rro w s  1 and 2 .  The e x a c t  f i g u r e s  a r e  h e re  r e c o r d e d .
The r a t e  a t  th e  b e g in n in g  o f  l i n e  1 was 20 i n  60 s e c o n d s .  H edonal 
1 i n  1000 was p e r f u s e d  and th e  r a t e  Im m e d ia te ly  became 23 -  an  i n c r e a s e  
o f  1 5 / .  I n  th e  n e x t  p e r i o d  o f  60 s e c o n d s ,  th e  r a t e  was 1 6 , - a  r e d u c t i o n  
o f  2 0 / .  N ext p e r i o d ,  n o t w i th s t a n d i n g  t h a t  " S h e r r in g to n "  was b e in g  
p e r f u s e d ,  t h e  r a t e  became 7 ,  e q u a l  t o  a l o s s  o f  7 5 /  as com pared w i th  
th e  n o rm al 2 0 .  T h is  i s  no t a " S h e r r in g t o n "  e f f e c t  a s  th e  r e s t o r a t i o n  
due t o  " S h e r r in g to n "  was shown l a t e r .  I t  was a c o n t i% e d H e d o n a l  e f f e c t .
S t ro n g  s o l u t i o n s ,  f o r  exam ple , 1 i n  25 0 , may i n c r e a s e  th e  r a t e  a t  
th e  b e g in n in g  b u t  much so o n e r  show th e  r e d u c t i o n  th a n  t h e  w eaker  s o l u t i o n s ,  
and  may s to p  th e  h e a r t  a l t o g e t h e r .  T h is  i s  w e l l  s e e n  i n  F ig u r e  H I ,  
a r ro w s  1 ,  3 and  5 .
I n  F ig u r e  V I , a rro w  1 ,  an i n c r e a s e d  r a t e  i s  f o l lo w e d  by  c e s s a t i o n .
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When the  h e a r t  h a s  c e a s e d  to  b e a t  i t  c a n  be r e a d i l y  r e s t o r e d  i n  
many c a s e s  by " S h e r r i n g t o n " .  T h is  i s  s e e n  i n  F ig u re  IV and i n  F ig u r e  I I I ,  
a rrow  8 , a t  th e  b e g in n in g  o f  l i n e  5 .
I n  one c a se  w here  th e  h e a r t  h ad  s to p p e d  w i t h  1 i n  250 s o l u t i o n  of 
H edonal and " S h e r r in g to n "  f a i l e d  t o  r e s t o r e  i t ,  th e  a c t i o n  was q u i t e  
r e c o v e r e d  by  g e n t l y  to u c h in g  th e  s u r f  ace  of th e  h e a r t  w i th  a sm ooth 
g l a s s  r o d .  F ig u r e  V I, a rro w  9 .
The h e a r t  s to p s  i n  d i a s t o l e .
T h is  can  be p l a i n l y  seen, i n  F i g u r e s  V II  and  V I I I .
I n  a d d i t i o n  t o  the  g ro u p  o f  e x p e r im e n ts  above m e n t io n e d ,  o t h e r  
t h r e e  have b e e n  in c lu d e d  h e r e  f o r  d i f f e r e n t  r e a s o n s .
When the  d r u g  s o l v e n t  and th e  r e s t o r a t i v e  d i f f e r  a r e s u l t  may be 
c o n s t a n t l y  o b t a i n e d ,  no m a t t e r  how d i l u t e  th e  s o l u t i o n  o f  t i e  d ru g  may b e .
I t  i s  t h e n  n o t  a  Hedonal e f f e c t  a t  a l l .  T h is  can  be s e e n  in  F i g u r e  IX.
The d i l u t i o n s  o f  Hedonal were made up  t o  1 i n  100 m i l l i o n s  i n  , 5 /  s a l i n e  
b u t  t h e  r e s t o r a t i v e  was " S h e r r in g to n "  c o n t a i n i n g  Ca C lg .  The d ru g  
s o l u t i o n  c u t  down t h e  a m p l i tu d e  e v e ry  t im e  -  no l e s s  w i t h  th e  e x tre m e  
d i l u t i o n s  -  and th e  " S h e r r in g to n "  a lw ay s  r e s t o r e d  th e  a m p l i tu d e .
Then a g a in ,  a t r a c i n g  i s  shown where th e  d ru g  s o l v e n t  was no rm al 
s a l i n e  .9  /  and th e  r e s t o r a t i v e  was s a l i n e  . 7 5 / .  T h is  i s  s e e n  i n  
F ig u re  X on page 60 . The d i l u t i o n s  were a s  g r e a t  a s  1 i n  20 m i l l i o n s .
The e f f e c t  was n o t  d e c r e a s e d  by  t h i s  g r e a t  d i l u t i o n .  The d i m i n u t io n  o f
of contraction-
th e  sodium io n  i n  th e  r e s t o r a t i v e  a l lo w e d  a r e l a t i v e l y  g r e a t e r  a m p l i tu d e ^ .  
T h is  was n o t  a Hedonal e f f e c t .  The t r a c i n g  shows a m arked  r e a c t i o n  
l i k e  what i s  found  in  t h e  hypodynamie h e a r t  o f  th e  f r o g  r e f e r r e d  t o  
by  C l a r k .  Such a h e a r t  i s  v e r y  s e n s i t i v e .
In  t h i s  e x p e r im e n t ,  much p e r f u s i o n  had  a l r e a d y  t a k e n  p la c e  b e f o r e  
the  v e r y  d i l u t e  s o l u t i o n  was u s e d .
L a s t l y  i t  h a s  b e en  shown i n  F i g u r e  XI t h a t  Hedonal s o l u t i o n  . 3 7 /
-, , , movement
d ro p p ed  on  t n e  h e a r t ’s s u r f a c e  c an  s to p  a l l  movement, w h ich^can  a g a in
be r e s t o r e d  by  n o rm al s a l i n e  a p p l i e d  i n  th e  same m an ner .
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Method a d o p te d .
I n  th e  p r e s e n t  10 e x p e r im e n ts  t h e  f o l lo w in g  m ethod  was c a r r i e d  o u t : -  
The p i t h e d  f r o g  was p l a c e d  on i t s  h a c k  on th e  f r o g - b o a r d  and th e  a p ex  
was su sp en d e d  b y  a c l i p  a f t e r  th e  n e c e s s a r y  d i s s e c t i o n .  A g l a s s  
c a n n u la  was t h e n  p l a c e d  i n  t h e  t r u n c u s  v e n o su s  and t i e d  t h e r e :  i t  had
a  b r a n c h  f o r  o v e r f lo w  so t h a t  t h e  l i q u i d  c o u ld  a lw ays rem a in  a t  t h e  
same l e v e l .  The s e v e re d  h e a r t  was t h e n  p la c e d  on a second  s t a n d ,  th e  
h e a r t  b e in g  su sp e n d e d  by  t h e  g l a s s  c a n n u la  a b o v e ,  and th e  apex  h e l d  by a 
c l i p  p o i n t i n g  downwards and h e ld  by  a t h r e a d .  The t h r e a d  was a t t a c h e d  
t o  th e  lo n g  arm o f  t h e  m yograph l e v e r  whose a rro w  p o i n t  made a t r a c i n g  
on a s lo w ly  r e v o l v i n g  drum . A t h i r d  s t a n d  t h e n  s u p p o r te d  th e  s o l u t i o n  
o f  H edonal and th e  r e s t o r a t i v e  s o l u t i o n  p l a c e d  10 in c h e s  h i g h e r  t h a n  th e
h e a r t .  These two v e s s e l s  were f i t t e d  w i th  r u b b e r  t u b e s  from  b e lo w , each  b e in g
s u p p l i e d  w i t h  a  s p r in g  c l i p  and a t  th e  end a p i e c e  o f  g l a s s  t u b i n g .  T h is  
was e a s i l y  i n s e r t e d  i n t o  t h e  u p p e r  e n d  o f  t h e  h e a r t ’ s c a n n u la  when p e r f u s i o n  
was t o  t a k e  p l a c e .
FIGURE I .
In  F ig u r e  I  i s  shown th e  e f f e c t  on th e  f r o g ’ s h e a r t  o f  H edonal s o l u t i o n  
1 i n  2000 and 1 i n  100 0 . The e s t i m a t i o n  was made from  a p e r i o d  a p p r o x im a te ly  
60 seconds and ta k e n  from  15 m i l l i m e t e r s  o f  th e  t im e  l i n e  a s  th e  waves w ere 
r a t h e r  c lo s e  f o r  a c c u r a t e  c o u n t in g .  The t o t a l  r e s u l t s  o f  t h i s  e x p e r im e n t  
a r e  seen  a s  f o l lo w s  
H edonal S o l u t i o n  1 i n  2000.
1 .  The a m p l i tu d e  o f  t h e  h e a r t ’ s movement was re d u c e d  on an  a v e ra g e
ta k e n  o f  5 d o se s  b y  2 0 / .
2 .  The c a r d i a c  r a t e  was i n c r e a s e d  on an  a v e ra g e  t a k e n  o f  5 d o se s
by 2 2 / .
H edonal S o l u t i o n  1 i n  1000 .
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1 .  The a rn p li tu d e^w as  re d u c e d  on  an a v e ra g e  by  3 8 / .
2 .  The r a t e  was i n c r e a s e d  on an  a v e ra g e  by 28/
60.
F ig u re  I .
F ig u r e  I I
3 .  f{(idcn4.^ I wk ,
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D e t a i l s  o f  th e  p e r f u s i o n s  made in  t h i s  t r a c i n g .
1 .  Hedonal 1 i n  2000 o f  " S h e r r i n g t o n ” .
2 .  " S h e r r in g to n "  •
3 .  ’.‘H edonal 1 i n  2 0 0 0 .
4 .  ‘ ” S h e r r i n g t o n " .
5 .  Hedonal 1 i n  1 0 0 0 .
6 . " S h e r r i n g t o n " .
7 .  Hedonal 1 i n  1000 .
8 . " S h e r r in g to n "  . .
9 .  Hedonal 1 i n  2 000 .
1 0 .  " S h e r r i n g t o n " .
1 1 .  H edonal 1 i n  2 0 0 0 .
1 2 . " S h e r r i n g to n ” .
1 3 .  H edonal 1 i n  2 0 0 0 .
1 4 .  " S h e r r i n g t o n " .
D e t a i l s  o f  m easurem ent o f  a m p l i tu d e  o f  c o n t r a c t i o n  and ;
c a r d i a c  r a t e  b y  each  d o s e .
F i r s t  l i n e ; -
” S h e r r i n g to n ” , A m plitu de  o f  c o n t r a c t i o n  20 m.m.
c a r d i a c  r a t e  1 2 .  . .
H edo na l,  1 i n  2 0 0 0 .  A m plitude  o f  c o n t r a c t i o n  18 m.m. R e d u c t io n  l O / .
R a te  1 5 .  I n c r e a s e  2 5 / .
" S h e r r i n g t o n " ,  A m plitude  o f  c o n t r a c t i o n  19 m.m.
R a te  1 2 .
H edon a l,  1 i n  2 0 0 0 , A m p litu d e  o f  c o n t r a c t i o n  15 m.m. R e d u c t io n  2 l / .
R a te  1 3 .  I n c r e a s e  8 / .
" S h e r r i n g t o n " ,  A m plitude  o f  c o n t r a c t i o n  18 m.m.
R a te  1 1 .
Second l i n e : -
” S h e r r i n g to n " ,  A m plitude  o f  c o n t r a c t i o n  17 m.m.
R a te  1 0 .
H ed onal, 1 i n  1 0 0 0 ,  A m plitude  o f  c o n t r a c t i o n  11 m.m. R e d u c t io n  3 5 / .
R a te  1 3 .  I n c r e a s e  3 0 / .
" S h e r r i n g t o n " ,  A m plitude o f  c o n t r a c t i o n  17 m.m.
R a te  11 .
Hedonal 1 i n  10 00 . A m plitu de  o f  c o n t r a c t i o n  10 m.m. R e d u c t io n  4 l / .
R a te  1 4 .  I n c r e a s e  2 7 / .
" S h e r r in g to n "  -  The h e a r t  c o n t in u e d  to  c o n t r a c t  f o r  3 p u l s a t i o n s ,  when i t  
s to p p e d  as i f  from  th e  c o n t in u e d  e f f e c t  o f  H edon a l.  The h e a r t
th en  began to  re sp o n d  to  th e  " S h e r r i n g t o n " .
A m plitude  o f  c o n t r a c t i o n  16 m.m. R a te  1 5 .
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T h ird  l i n e : -
" S h e r r i n g t o n , "  A m plitu de  o f  c o n t r a c t i o n  17 m.m.
R a te  1 1 .
H edonal, 1 i n  2000 . A m plitude  o f  c o n t r a c t i o n  13 m.m. R e d u c t io n  2 3 / .
R a te  1 5 .  I n c r e a s e  3 6 / .
" S h e r r i n g t o n , "  A m plitude  o f  c o n t r a c t i o n  17 m.m.
R a te  1 1 .
H edonal, 1 i n  2000 . A m plitude  o f  c o n t r a c t i o n  13 m.m. R e d u c t io n  2 3 / .
R a te  1 5 .  I n c r e a s e  3 6 / .
" S h e r r i n g t o n , "  A m plitude  o f  c o n t r a c t i o n  17 m.m.
R ate  1 3 .
Hedonal 1 i n  2000 . A m plitude  o f  c o n t r a c t i o n  13 m.m. R e d u c t io n  2 3 / .
R a te  1 4 .  I n c r e a s e  7 / .
" S h e r r i n g t o n , "  A m plitude  o f  c o n t r a c t i o n  17 m.m.
R a te  1 3 .
NOTE: -
The e s t i m a t i o n  i n  e a c h  Hedonal p e r f u s i o n  h a s  b e en  com pared w i t h  th e  
im m e d ia te ly  p r e v io u s  r e s t o r a t i v e  d o se .
FIGURE I I .
In  F ig u r e  I I  t h e  t im e  l i n e  r e p r e s e n t s  s e c o n d s ,  and p e r i o d s  o f  t h e  t r a c i n g  
r e p r e s e n t i n g  60 se co n d s  have b e en  c o n s id e r e d  e ac h  t im e .  The g e n e r a l  e f f e c t  
i n  t h i s  e x p e r im e n t  h a s  b e en  r e d u c t i o n  i n  t h e  a m p l i tu d e  o f  c o n t r a c t i o n  w i th  
e v e ry  Hedonal p e r f u s i o n ,  and I n i t i a l  i n c r e a s e  o f  t h e  c a r d i a c  r a t e  i n  e a c h  c a se  
e x c e p t  w i t h  t h e  s t r o n g e s t  s o l u t i o n ,  w h ich  s to p p e d  t h e  movement o f  t h e  h e a r t ;  
t h i s  l a s t  i s  a v e ry  s t r o n g  e f f e c t  ( s e e  a rro w  7) .
T ab le  o f  D oses and E f f e c t s .
Hedonal s o l u t i o n .
1 i n  2000 A m plitude  o f  c o n t r a c t i o n  r e d u c e d  2 0 / .
(a r ro w  3) R a te  i n c r e a s e d  1 8 / .
1 i n  2000 A m plitude  o f  c o n t r a c t i o n  r e d u c e d  2 1 / .
(a r ro w  5) R a te  i n c r e a s e d  1 1 / .
1 i n  1000 A m plitude  o f  c o n t r a c t i o n  r e d u c e d  3 2 / .
(a r ro w  1) R a te  i n c r e a s e d  1 5 / .
1 i n  250 A l l  a c t i o n  o f  th e  h e a r t  c e a s e d  a f t e r  3 b e a t s .
(a r ro w  7)
D e t a i l e d  a c c o u n t  o f  d o s e s  i n  F ig u re  I I
" S h e r r in g to n "  A m plitude  o f  c o n t r a c t i o n  22 m.m.
R a te  2 0 .
Hedonal 1 i n  1000. A m p litu d e  o f  c o n t r a c t i o n  15 m.m. R e d u c t io n  3 2 / ,
R a te  2 3 .  I n c r e a s e  1 5 / .
" S h e r r in g t o n "  A m plitu de  o f  c o n t r a c t i o n  18 m.m.
( f i r s t  p e r io d )  R a te  7 . #
" S h e r r in g t o n "  A m plitud e  o f  c o n t r a c t i o n  22 m.m.
( s e c o n d  p e r io d )  R a te  1 8 .
T h is  r a t e  i s  a p ro lo n g e d  Hedonal e f f e c t .
6 3 .
Figure  I I I
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Second l i n e ; -
" S h e r r in g to n "  A m plitude  o f  c o n t r a c t i o n  25 m.m#
R a te  IV .
H e d o n a l , .1 i n  2000 . A m plitude  o f  c o n t r a c t i o n  20 m.m. R e d u c t io n  2 0 / .
R a te  2 0 .  I n c r e a s e  1 8 / .
" S h e r r in g to n "  A m plitude  of c o n t r a c t i o n  23 m.m.
R a te  2 0 .
T h i r d  l i n e  : -
" S h e r r in g to n "  A m plitud e  o f  c o n t r a c t i o n  23 m.m.
R a te  1 7 .
H edo na l,  1 i n  2 0 0 0 .  A m p litu d e  o f  c o n t r a c t i o n  18 m.m. R e d u c t io n  2 1 / .
R a te  19# I n c r e a s e  1 1 / .
" S h e r r in g to n "  A m plitude o f  c o n t r a c t i o n  20 m.m. . L
Rate  1 8 .
F o u r th  l i n e : -
" S h e r r in g to n "  A m plitude  o f  c o n t r a c t i o n  20 m.m*
R a te  1 6 .
H edonal, 1 i n  2 5 0 ,  A f t e r  3 p u l s a t i o n s  h e a r t  c e a s e d .
No r e s t o r a t i o n .
FIGURE in.
The t r a c i n g  i n  F ig u re  I I I  shows th e  e f f e c t  o f  . 4 /  s o l u t i o n  o f  Hedonal
and 1  i n  1 0 0 0  s o l u t i o n ,  on  t h e  e x c i s e d  f r o g ’s h e a r t  by  p e r f u s i o n .
I t  h a s  b een  o b s e rv e d  i n  m ost e x p e r im e n ts  o f  t h i s  k i n d ,  t h a t  Hedonal a t
f i r s t  i n c r e a s e s  th e  c a r d i a c  r a t e ,  more e s p e c i a l l y  w i t h  w eaker s o l u t i o n s ,
a f t e r  w h ich  i n c r e a s e ,  t h e  r a t e  i s  r e d u c e d .  T h is  has  b e en  th e  e x p e r i e n c e  even
w i t h  t h e  s t r o n g e r  s o l u t i o n s  ( 1  i n  250) , a l th o u g h  th e  i n i t i a l  i n c r e a s e  h a s  n o t
been  so m arked n o r  h a s  i t  been so  c o n s t a n t l y  s e e n .
I n  the  p r e s e n t  c a se ,H e d o n a l  (1 i n  250) was p e r f u s e d  f o u r  t im e s  a t  t h e
b e g in n i n g .  At a rro w s  1 and 3 ,  th e  i n c r e a s e d  r a t e  can be s e e n .  I n  th e
a c t i o n  o f  the
s e c o n d  l i n e  t h i s  s o l u t i o n  has  tw ic e  s to p p e d  t h e y i e a r t , which was a g a in  
r e s t o r e d  by " S h e r r i n g t o n " .
The two p e r  f u s io n s  o f  t h e  v>reaker s o l u t i o n  have  n e i t h e r  o f  them showed
t h e  i n i t i a l  i n c r e a s e ,  b e c a u s e  th e  h e a r t  h a d  a l r e a d y  b e e n  s o  m uch u n d e r  t h e
i n f l u e n c e  o f  th e  d r u g ;  o n ly  a r e d u c t i o n  i n  r a t e  i s  o b s e r v e d .
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FIGURE IV.
The t r a c i n g  i n  F ig u r e  IV shows m arked e f f e c t  from tv/o s e p a r a t e  
p e r f u s i o n s  o f  Hedonal (1 i n  2 5 0 ) .  T h is  s t r o n g  s o l u t i o n  h a s  caused  t o  
a l l  a p p e a ra n c e  c o m p le te  c e s s a t i o n  o f  th e  h e a r t  a f t e r  p e r f u s i o n  f o r  
80  s e c o n d s ,  t o  be  fo l lo w e d  by  com ple te  r e s t o r a t i o n  by  " S h e r r in g t o n " .
At th e  b e g in n in g  o f  th e  t r a c i n g  th e  c a r d i a c  r a t e  v/as 51 i n  80
seco nds  and th e  a m p l i tu d e  10 m.m. H edonal v/as i n t r o d u c e d  a t  a rrow  1 .
In  42 se co n d s  t h e  e f f e c t  b e g a n .  The r a t e  th e n  became 35 , - a h  i n c r e a s e  o f
op contraction.
1 3 / .  The am plitude^becam e 4 m.m, -  a l o s s  o f  6 0 / .  At t h i s  p o in t
" S h e r r in g t o n "  was a g a i n  p e r f u s e d .  The a m p l i tu d e  s t i l l  r a p i d l y  f e l l  to
z e ro  i n  80 s e c o n d s .  The h e a r t  s to p p e d  f o r  t h e  n e x t  60 s e c o n d s .  The 
" S h e r r in g to n "  th e n  b e g an  t o  r e s t o r e  th e  h e a r t .
At a rro w  3 a n o t h e r  dose o f  Hedonal (1 i n  250) was p e r f u s e d  w i th  
e x a c t l y  th e  same k i n d  o f  r e s u l t .
The r e a s o n  why th e  H edonal s o l u t i o n  was slow i n  t a k in g  e f f e c t  i n  
t h i s  e x p e r im e n t  was t h a t  t h e r e  was a d i f f e r e n t  p e r f u s i n g  c a n n u la  u s e d ,  w hich 
had  th e  o v e rf lo w  tu b e  a t  a  h i g h e r  l e v e l .  Some o f  t h e  p r e v i o u s  l i q u i d  was 
s t i l l  a c t i n g  when th e  second s o l u t i o n  was i n t r o d u c e d .
FIGURE V.
In  F ig u r e  V t h e r e  i s  s e e n  th e  e f f e c t  o f  a s t r o n g  s o l u t i o n  o f  H edonal 
on  the  f r o g ’ s h e a r t  when p e r f u s e d .  The d ru g  was i n t r o d u c e d  f o r  400 seco nds  
and " S h e r r in g to n "  f a i l e d  to  r e s t o r e  i t .
The t r a c i n g  s t a r t s  on th e  l e f t  w i th  p e r f u s i o n  o f  " S h e r r in g t o n " .  The 
c a r d i a c  r a t e  h e re  was 8  b e a t s  i n  80 s e c o n d s .  Vi/hen th e  d r u g  was b e in g  
p e r f u s e d  t h e  r a t e  became 5-, 7 ,  6 , 2 ,  2 ,  i n  s i m i l a r  p e r i o d s .  The s t r e n g t h  
o f  t h e  H edonal v/as 1 i n  250 .
of contractton
The t o t a l  l o s s  i n  a m p l i tu d e ^ f ro m  a rrow  1 t o  a rro w  2 e q u a l s  4 0 / .
Loss in  c a r d i a c  r a t e  i n  t h i s  p e r i o d  was e q u a l  t o  7 5 / .
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FIGURE V I .
The t r a c i n g  i n  F ig u r e  VI shows t h e  e f f e c t  o f  Hedonal i n  t h r e e  s t r e n g t h s  
on th e  e x c i s e d  h e a r t  o f  th e  f r o g  by  p e r f u s i o n .  -
The s o l u t i o n  1 i n  2000 made no change  i n  t h e  a m p l i tu d e  o r  r a t e  -  s e e  
a rrow  5 .
The s o l u t i o n  1 i n  1000 l e d  t o  s to p p a g e  o f  t h e  h e a r t  w h ich  was r e s t o r e d  
by  " S h e r r in g to n "  -  se e  a rro w  3 .
The s t r o n g  s o l u t i o n  1 i n  250 was u s e d  a t  th e  b e g in n in g  and th e  e n d .
oF conVracUon > ^
The am p li tu d e^w as  red u c ed  25% and  53% r e s p e c t i v e l y .  B oth  d o se s  l e d  t o
s to p p a g e  o f  th e  h e a r t .  In  th e  f i r s t  c a s e  " S h e r r in g to n "  r e s t o r e d  th e
c a r d i a c  a c t i o n ;  t n  th e  second  no r e s t o r a t i o n  to o k  p la c e  u n t i l  th e  
o rg a n  was g e n t l y  to u c h e d  w i th  a g l a s s  r o d .
ROTE; -  The t im e  l i n e  was i n  s e c o n d s .
FIGURE V I I .  and  FIGURE V I I I .
These s m a l l  t r a c i n g s  (F ig u re s  V II  and V I I I )  r e p r e s e n t  t h e  same t h i n g ,  
ahd  a r e  t a k e n  from  th e  same f r o g .  The h e a r t  s to p p e d  i n  d i a s t o l e .  Good 
r e s t o r a t i o n  was o b ta in e d  b y  " S h e r r i n g t o n " .  The h e a r t  r e sp o n d e d  t o  H edonal 
i n  2 b e a t s ,  t h e  a m p l i tu d e  b e in g  q u i c k ly  c u t  down. One l e s s e r  b u t  p ro lo n g e d  
c o n t r a c t i o n  t h e n  took  p l a c e  a f t e r  w hich  th e  h e a r t  s to p p e d  i n  d i a s t o l e .
F ig u r e  V I I .
Arrow a = Hedonal .4 ^  i n  " S h e r r i n g t o n " .
b = " S h e r r in g to n "  -  e f f e c t  much d e la y e d .
F ig u r e  V I I I .
Arrow 1 = " S h e r r in g to n "  b e in g  p e r f u s e d .
2 = Hedonal .4J^.
3 = %he l e s s e r  b u t  p ro lo n g e d  c a r d i a c  c o n t r a c t i o n *
4 = R e s t o r a t i o n  due t o  " S h e r r in g t o n "  a f t e r  co m ple te  c e s s a t i o n .
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' FIGURE IX .
The t r a c i n g  i n  F i g u r e  IX i s  a n  i n t e r e s t i n g  o n e .  The H edonal
s o l u t i o n  was d i l u t e d  by n o rm al s a l i n e  u n t i l  a so & u tio n  o f  1 i n  100
m i l l i o n s  was ob tained ,.. The c o n t r o l  u se d  was " S h e r r in g to n "  c o n ta in i n g
of contraction -
C aC lg . Eadh d o se  o f  t h e  H edonal red u c ed  th e  a m p l i tu d e ^ a s  much a s  a t  
f i r s t ,  even w i t h  t h e  w e a k e s t  s o l u t i o n .  The d ru g  s o l v e n t  and th e  
c o n t r o l  sh o u ld  have b e en  i d e n t i c a l . .  I t  i s  n o t  a H edonal e f f e c t  w hich  
i s  shown; i t  co u ld  have b e e n  o b ta in e d  w i th o u t  any H edonal a t  a l l .
FIGURE X.
In  F ig u r e  X t h e  d ru g  s o lv e n t  and th e  c o n t r o l  were b o t h  s a l i n e  b u t  o f  
d i f f e r e n t  s t r e n g t h s *  The d ru g  s o l v e n t  was .9 ^  s a l i n e  and th e  r e s t o r a t i v e  
was .7 5 ^  s a l i n e .  The d im in i s h e d  q u a n t i t y  o f  th e  sodium io n  t e n d e d  t o ,  
i n c r e a s e  th e  a m p l i tu d e  e v e r y  t im e .  T h is  t h e n  was n o t  a H edonal e f f e c t .  
The d i l u t i o n s  were made u n t i l  1 i n  20 m i l l i o n s  s t r e n g t h  was o b t a i n e d .
The a m p l i tu d e  was a s  g r e a t  a t  t h e  end a s  w i th  a w eaker  s o l u t i o n  u s e d  
a t  th e  b e g in n in g .
In  t h i s  e x p e r im e n t  t h e  h e a r t  had  u n d e rg o n e  many p e r f u s i o n s  
p r e v i o u s l y , s o  t h a t  i t  r e s e m b le d  th e  hypodynamie h e a r t  i n  b e in g  
v e ry  r e s p o n s i v e .
FIGURE X I .
In  F ig u r e  XI t h e  e f f e c t  i s  r e c o rd e d  a f t e r  a p f i ly in g  a few d ro p s  o f  
H edonal s o l u t i o n  ( .3 7 ^ )  o v e r  t h e  o u t e r  s u r f a c e  o f  t h e  e x c i s e d  h e a r t  
o f  th e  f r o g .
The h e a r t  c e a s e d  a f t e r  3 b e a t s ,  a l t h o u g h  th e  a m p l i tu d e  o f  th e  
h e a r t ' s  movement had  b e e n  30 m.m. p r e v i o u s l y .  , Normal s a l i n e  r e s t o r e d  
th e  movement a g a i n  f u l l y ,  and t h e n  th e  h e a r t  c e a s e d .
70
SECTION V.
EFFECT OF HEDONAL ON THE RESPIRATION
IN THE
RABBIT.
W W W
The f o l lo w in g  t h r e e  e x p e r im e n ts  have  b een  c a r r i e d  o u t ,  t o  a s c e r t a i n  
i n  t h e  f i r s t  p l a c e ^ i n  what way H edonal a d m i n i s t e r e d  i n t r a v e n o u s l y  t o  a 
r a b b i t  m ig h t  a f f e c t  i t s  r e s p i r a t i o n ,  and s e c o n d ly ,  t o  f i n d  o u t  w h e th e r  
ahd  t o  what e x t e n t  s t i m u l a t i o n  o f  th e  v a g u e ,  when th e  an im a l i s  
n a r c o t i s e d  b y  H edon a l,  would b r i n g  a b o u t  a no rm al p h y s i o l o ^ c a l  
r e s p o n s e ,  a s  se e n
(a) on t h e  R e s p i r a t i o n  t r a c i n g ,  and
(b) on t h e  b lo o d  p r e s s u r e  t r a c i n g .
The e f f e c t  o f  H edonal on  th e  b lo o d  p r e s s u r e  i s  n o t  d i s c u s s e d  i n  
t h i s  s e c t i o n .
The t h r e e  e x p e r im e n ts  d i f f e r  somewhat from  each  o t h e r .
E x p e r im e n t  A ;-  I n  t h i s  ca se  a s m a l l  d ose  o f  1 c . c .  ( .1 1  g r a i n )  was
g iv e n  e v e ry  10-30  se co n d s  to  o b t a i n  a u n i fo rm  n a r c o s i s  w i th o u t  any 
e t h e r  b e in g  a d m i n i s t e r e d  and w i th  a r t i f i c i a l  r e s p i r a t i o n  w i th d ra w n .
The c o n d i t i o n  th e n  a p p ro a c h e d  t o  th e  m odern c o n t in u o u s  m ethod o f  
a n a e s t h e s i a ,  a s  a g a i n s t  th e  o l d e r  i n t e r r u p t e d  s t y l e .  The t r a c i n g  
shows a r e s p i r a t i o n  l i n e  and a b lo o d  p r e s s u r e  l i n e  ( s e e  F i g s .  76 and 77) •
E x p er im e n t  B :-  T h is  one has  b e e n  c a r r i e d  ou t to  show t h e  e f f e c t  on
r e s p i r a t i o n  a lo n e .  T h ere  was much tim e l o s t  i n  t h i s  c a se  p r e p a r i n g  
a  s e n s i t i v e  tam b o u r ,  so  t h a t  th e  e f f e c t s  a r e  t h o s e  fo u n d  i n  an  an im al 
w h ich  was a lm o s t  m o r ib u n d .  The r e s u l t s  i n  t h i s  c a s e ,  w h i le  i n s t r u c t i v e ,  
may n o t  be t y p i c a l  o f  an  a n im a l  o f  a v e ra g e  s t r e n g t h .
E x p e r im e n t  G; -  In  t h i s  e x p e r im e n t  i t  h a s  b e e n  a s c e r t a i n e d  i n  w ha t way 
H edonal a f f e c t s  the  r é s p i r a t i o n ,  and a l s o  d u r in g  th e  H edonal n a r c o s i s ,  
how th e  vagus  n e rv e  r e a c t e d  t o  f a r a d i c  s t i m u l a t i o n ,  a s  s e e n  i n  t h e  
t r a c i n g d  o f  t h e  r e s p i r a t i o n  and b lo o d  p r e s s u r e .
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GENERAL STATEMENT OF RESULTS OBTAINED.
H edonal a f f e c t s  th e  r e s p i r a t i o n  r a t e . A r a b b i t  w hich  had r e c e i v e d  2 .8  
g r a i n s  o f  H edonal p e r  k ilogram m e o f  body w e ig h t  i n  an  e x p e r im e n t  
l a s t i n g  17 m in u te s ,  showed a r e d u c t i o n  i n  t h e  r a t e  e q u a l  t o  58% (See 
e x p e r im e n t  A, f i g s  76 and 7 7 )•
In  a n o th e r  c a s e  (e x p e r im e n t  C ) , i t  was fo u n d  t h a t  t h e  r e s p i r a t i o n  
r a t e  was r e d u c e d  53% i n  th e  same t im e ,  t h e  an im al h a v in g  r e c e i v e d  
.9  g r a i n  o f  H edonal p e r  k i lo g ram m e .
A s i n g l e  dose  o f  3 c . c .  ( .3 4  g r a in )  o f  H edonal s o l u t i o n  c a u se d  a
r e d u c t i o n  o f  th e  r e s p i r a t i o n  r a t e  e q u a l  t o  21.7% (E x p erim en t C ) .
movement of
H edonal a f f e c t s  t h e  a m p l i tu d e  o f . t h e  r e s p i r a t i o n s .
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In  one e x p e r im e n t  l a s t i n g  17 m in u te s ,  th e  r e d u c t i o n  was 28% (E x p erim en t
A. F ig s  76 and 7 7 . ) .  I n  a n o th e r  c a s e ,  i t  was 38% i n  th e  same t im e
(E xperim en t 0 . )
A s i n g l e  dose  o f  3 c . c .  ( .3 4  g r a in )  o f  H edonal c au se d  a r e d u c t i o n  
o f  th e  a m p l i tu d e  e q u a l  t o  25% (E x p er im en t  A . ) . I n  a n o th e r  c a s e  w here  
th e  a S im a l  was m o rib u n d , th e  r e d u c t i o n  was 50%. (E xp erim en t B . ) •
R ecovery  o f  th e  a m p l i tu d e  t o  t h e  p r e v io u s  n o rm a l  t a k e s  p l a c e  i n  
10 s e c o n d s .
H edonal h a s  no a p p r e c i a b l e  e f f e c t  on th e  Vagus n e r v e , a s  h a s  b e e n  a s c e r t a i n e d  
by  o b s e r v in g  th e  r e s p i r a t i o n  t r a c i n g ,  and  b lo o d  p r e s s u r e  t r a c i n g ,  when t h e  
n e rv e  h a s  b e e n  s t i m u l a t e d  d u r in g  H edonal n a r c o s i s ,  t h e  s e c o n d a ry  c o i l  
s t a n d in g  a t  10 c e n t i m e t r e s  and even  20 c e n t i m e t r e s  from  t h e  p r im a r y .
R e s p i r a t i o n  i s  a lm o s t  s to p p e d  by th e s e  f a r a d i c  s t i m u l a t i o n s :  t h e  b lo o d
p r e s s u r e  i s  a l s o  much a f f e c t e d .  T here  i s  t h e r e f o r e  no p a r a l y s i s  o f  t h e  
v a g u s  o b s e r v e d .
I t  may be  i n t e r e s t i n g  t o  q u o te  h e r e  t h e  o p in io n  o f  o t h e r  o b s e r v e r s
on t h i s  su b je c t  of resp iration ,
D re s e r  i n  h i s  own w ords s t a t e s : -  "The e f f e c t s  o f  t h e  new u r e t h a n e  (H edonal) 54;
o n /
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on th e  r e s p i r a t i o n  was s i m i l a r  t o  t h a t  o f  u r e t h a n e ,  nam ely , f o r  
t h e  m ost p a r t  a  s l i g h t  d e p r e s s i o n . "
D r e s e r  a g a i n  s t a t e s : -  " N e i th e r  E th y l  U re th a n e  n o r  H edonal i n  th e  
human s u b j e c t  showed any  s p e c i f i c  e f f e c t  on r e s p i r a t i o n .  As i n  
n a t u r a l  s l e e p ,  r e s p i r a t i o n  was l e s s  a c t i v e , "
F e d o r o f f  s t a t e s  t h a t  i f  t h e  f low  o f  the  H edonal s o l u t i o n  b e  to o  
r a p i d ^ d u r in g  a d m i n i s t r a t i o n ,  r e s p i r a t i o n  s t o p s .
fSsf 53.
u.
B u rk h a rd t  ( o f  N u r |n b e rg )  i n  1913 s a i d ,  when r e f e r r i n g  to  H e d o n a l ,  
t h a t T i e ~ d e p r e b a t e d  i t s  u se  c l i n i c a l l y ,  b e c a u s e  o f  t h e  f a l l  o f  (2 ^48
b lo o d  p r e s s u r e ,  th e  d i f f i c u l t y  o f  r e g u l a t i n g  th e  d o s e ,  th e  
p ro lo n g e d  s l e e p ,  and  th e  d a n g e r  o f  r e s p i r a t o r y  p a r a l y s i s .
An e a r l y  d e a t h  was r e p o r t e d  from  H u l l .  I n  t h i s  c a s e  r e s p i r a t o r y  
p a r a l y s e s  o c c u r r e d  w i th o u t  any  w a rn in g ,  e x c e p t  a g r a d u a l  
d im in u t io n  i n  t h e  volume o f  b r e a t h i n g ,
D re s e r  s t a t e s ,  t h a t  H edonal lo w e rs  b lo o d  p r e s s u r e ,  b u t  does n o t  
. i n t e r f e r e  w i t h  r e s p i r a t i o n ,  W
Dr Kummel a t  th e  I n t e r n a t i o n a l  M e d ica l  C o n g ress  (1913) spoke o f  
r e s p i r a t o r y  p a r a l y s i s  b e ii îg  an e v e r - p r e s e n t  d a n g e r  o f  H edonal Rflr
S n f u s io n .
I n  c o n s i d e r i n g  such  r e p o r t s  a s  th e  a b o v e ,  one may f e e l  t h a t  i t  i s  
j u s t  p o s s i b l e  t h a t  i n  any e x p e r im e n ts  on t h i s  p a r t  o f  th e  s u b j e c t ,  t h e  
o b s e r v a t i o n s  may n o t  have b e e n  s c i e n t i f i c a l l y  r e c o r d e d ,  o n ly  a ro u g h  
i d e a  b e in g  c o n c e iv e d  o f  th e  c o n d i t i o n s .  As a l r e a d y  s t a t e d ,  p r a c t i c a l l y  
n o  t r a c i n g s  w h a te v e r  on  ^ e d o n a l  h av e  b een  p u b l i s h e d ,  a t  l e a s t  i n  t h e  
German o r  E n g l i s h  la n g u a g e  -  o n ly  t h e  l i t e r a t u r e .  Even when c u r s o r i l y  
ex am in in g  th e  p r e s e n t  r e s p i r a t i o n  t r a c i n g s ,  one m ig h t  e a s i l y  come t o  
t h e  c o n c l u s i o n  t h a t  t h e r e  was no c h a n g e .
74.
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DETAILS OF EXPERIMENT A.
In  t h i s  e x p e r im e n t  ( f i g s  76 and  7 7 ) , H edonal s o l u t i o n  (.75%) was 
a d m i n i s t e r e d  i n  a  f a i r l y  r e g u l a r  m an n e r ,  to  k eep  up a u n i fo rm  
n a r c o s i s .  E v e ry  10-30 s e c s .  1 c . c .  was p e r f u s e d  u n t i l  48 such  d o se s  
w ere g iv e n .  The o p e r a t i o n  l a s t e d  17 m in u te s .  The r a b b i t  w e ig h ed  
1950 grammes.
T h ere  i s  s e e n  an  u p p e r  b ro a d  r e s p i r a t i o n  l i n e  and a lo w e r  t h i n  
b lo o d  p r e s s u r e  l i n e .  The t im e  l i n e  i s  i n  se c o n d * .
The f o l lo w in g  s t e p s  w ere  c a r r i e d  o u t ; -  
E t h e r i z a t i o n *
T racheo tom y .
The venous e a n n u la  was i n s e r t e d  i n t o  t h e  l e f t  common j u g u l a r  
v e i n  and c o n n e c te d  w i th  one b u r e t t e  o n ly ,  -  c o n t a i n i n g  
H ed ona l s o l u t i o n .
The a r t e r i a l  c an n u la  was p l a c e d  i n  t h e  r i g h t  c a r o t i d  a r t e r y  and  
c o n n e c te d  t o  th e  b lo o d  p r e s s u r e  r e c o r d in g  a p p a r a t u s .
A b a l l o o n  was a p p l i e d  t o  th e  abdom en , and c o n n e c te d  b y  a 
tam bour and  p o i n t e d  l e v e r  t o  t h e  r e v o l v i n g  drum.
The s to p c o c k  o f  t h e  s i n g l e  b u r e t t e  was t u r n e d  so  t h a t  a v e r y  slow 
r a t e  o f  f low  c o u ld  be o b t a i n e d .  F ig u re  76 shows t h e  b e g in n i n g  o f  t h e  
e x p e r im e n t .  W hile t h e  a n im a l  was u n d e r  e t h e r  n a r c o s i s  t h e  t r a c i n g  
was s t a r t e d .  The H edonal was t h e n  p e r f u s e d  as above s t a t e d  and a f t e r  
f o u r  d o se s  t h e  e t h e r  was s to p p e d  and th e  an im a l  a l lo w e d  t o  b r e a t h e  a i r  
th r o u g h  t h e  t r a c h e o to m y  t u b e .  The s i g n a l  l i n e  m arked  th e  b e g in n in g  o f  
e v e r y  dose  o f  1 c . c .  ,  The d o se s  were r e c o r d e d  b y  n u m e ra lé  p l a c e d  u n d e r  
t h e  t im e  l i n e .
T here  w ere  no v i s i b l e  f l u c t u a t i o n s  i n  r e s p i r a t i o n  and t h e r e  w ere 
no  s ig n s  o f  s u p e r f i c i a l  s t a t e  coming on, so t h a t  t h e  a n im a l  was i n  an  
a n a e s t h e t i c  s t a t e  p u r e l y  due t o  H edonal a l l  th e  t im e .  The r e s p i r a t i o n  
r a t e /
76 .
r a t e  v e r y  s t e a d i l y  becam e red u ced  from  th e  f i r s t  d o se*  When 36  c . c *  
had b een  in tr o d u c e d , th e  r e s p ir a t io n  began  to  shov/ d im in is h e d  a m p litu d e  
o f  m ovem ent, o r  s h a llo w  b r e a t h in g ,  b u t was v e r y  r e g u la r *
I n  e s t im a t in g  th e  e f f e c t s  i n  th e  p r e s e n t  c a s e ,  i t  h a s  b ee n  fou nd  
c o n v e n ie n t  to  c o n s id e r  t h e  number o f  r e s p ir a t io n s  o c c u r r in g  i n  p e r io d s  
o f  20 s e c o n d s . The c o n d it io n s  a t  e v e r y  s i x t h  d o se  h a v e  b e e n  t a b u la t e d  
b elo w
Number o f  
th e  d o se*
R e s p ir a t io n s  in  
p e r io d s  o f  20 s e c s .
A m plitude o f  
r e s p ir a t i o n  waves*
1 s t 29 18 m.m*
6 th 22 20 m.m*
1 2 th 18 18 m.m*
1 8 th 17 18  m.m*
2 4 th 15 18 m.m*
3 0 th 15 18 m.m.
5 6 th 12 16 m.m*
42nd 12 14 m.m*
4 8 th 12 13 m.m.
The above o c c u r r e d  d u r in g  17 m in u tes*
T here i s  th u s  a l o s s  i n  th e  r e s p ir a t o r y  r a t e  e q u a l t o  58% and a l o s s  in  
a m p litu d e  o f  28%. The t r a c i n g  was a  v e r y  lo n g  o n e; b u t th e  p o r t io n s  in  
f ig u r e s  76 and 77 show w hat i s  n e c e s s a r y *
The an im a l r e c e iv e d  5*5 g r a in s  o f  p u re H ed on al o r  2*8  g r a in s  p e r  
kilogram m e*
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DETAILS OF EXPERIMENT B.
A r a b b i t  w e ig h in g  1600 grammes was u s e d .  The a n im a l  was e t h e r i s e d  
u n t i l  th e  venous can n u la  had  b e e n  i n s e r t e d  in  th e  l e f t  common j u g u l a r  
v e i n .  -No t ra c h e o to m y  was n e c e s s a r y .  A b a l l o o n  was s l i g h t l y  d i s t e n d e d  
and p l a c e d  o v e r  t h e  abdomen, b e in g  f ix e d  t h e r e  by a to w e l  p a s se d  round  
th e  body . The c o n n e c t io n  was t h e n  made f o r  a t r a c i n g ,  a s  i n  e x p e r im e n t  
A. The ru b b e r  t u b in g  from th e  b a l l o o n  had a h a n d - b a l l  i n t r o d u c e d  by  a
g l a s s  T -sh ap ed  t u b e .  T h is  a l lo w e d  th e  b a l l o o n  to  be d i s t e n d e d  o r  re d u c e d
i n  s i z e ,  and a l s o  made i t  p o s s i b l e  to  p l a c e  t h e  p o i n t e r  a t  t h e  p r o p e r  
l e v e l  on  th e  t r a v e l l i n g  p a p e r .  As t h e r e  was no t im e  r e c o r d  t a k e n ,  a 
p o r t i o n  o f  th e  t r a c i n g ,  m e a su r in g  40 m i l l i m e t r e s  i n  l e n g t h ,  and  r e p r e s ­
e n t i n g  30 s e c o n d s ,  was c o n s id e r e d  each  t im e .  The d o s e s  g iv e n  w e r e : -
3 c . c .  Hedonal and no S a l i n e .  The d ru g ,  n o t  h a v in g  b e en  
w ashed i n t o  t h e  v e s s e l ,  showed no e f f e c t .
3 c . c .  Hedonal and  1 c . c .  S a l i n e .
Im m e d ia te ly ,  t h e  a m p l i tu d e  o f  th e  r e s p i r a t i o n s  was r e d u c e d  from
10 m.m. to  5 m.m. (50%) • The r e s p i r a t i o n  r a t e  was r e d u c e d  from
23 to  18 (2 1 .7 % ).  When th e  r e s p i r a t i o n  r e c o v e r e d ,  t h e  r a t e  
r e a c h e d  o n ly  20 ; b u t  t h e  a m p l i tu d e  o f  t h e  r e s p i r a t i o n s  was 
f u l l y  r e s t o r e d .  T h is  r e s u l t  may be th e  e f f e c t  o f  t h e  two 
d o s e s  o f  3 c . c .  a s  t h e y  w ere p r o b a b ly  b o th  w ashed i n  a t  t h e  
same t im e .
The e x p e r im e n t  may now be fo l lo w e d  i n  F i g s .  90 and  9 1 .
3 c . c .  H edonal and 1 c . c .  S a l in e  ( 1 s t  d o se  i n  F i g . 90) .
T h is  d o s e  had  a p ro fo u n d  e f f e c t .  R e s p i r a t i o n  became 
e x t r e m e ly  s h a l lo w .  The a m p l i tu d e  o f  t h e  r e s p i r a t i o n s  was r e ­
d u ced  from 12 m.m. to  1 .5  m .m ., e q u a l  t o  a l o s s  o f  87%. The 
r e s p i r a t i o n  r a t e  was r e d u c e d  from  20 to  1 9 ,  e q u a l  to  a l o s s  o f  
5%. The a m p l i tu d e  o f  th e  r e s p i r a t i o n s  was f u l l y  r e s t o r e d .
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2 c . c .  H edonal and 1 c . c .  g a l i n e .
An im m edia te  e f f e c t  was a g a i n  o b s e r v e d .  The r e s p i r a t i o n
r a t e  f e l l  from  21 to  19 , e q u a l  t o  a  l o s s  o f  9%.
The a m p l i tu d e  a g a in  f e l l  from  12 t o  1 .5  m.m. e q u a l  t o  
a  l o s s  o f  87%.
At t h e  end  o f  t h e  t r a c i n g ,  ( F i g . 90) t h e r e  i s  s e e n  t h e  e f f e c t  o f
1 c . c .  H edonal and 1 c .c »  S a l i n e .
T h is  s m a l l e r  dose  h a s  re d u c e d  t h e  r e s p i r a t i o n  r a t e  from  
18 t o  1 4 , e q u a l  t o  a  l o s s  o f  22%. The a m p l i tu d e  
f e l l  from  10 t o  2 m .m ., e q u a l  t o  a  l o s s  o f  80%.
The r e s t  o f  th e  e x p e r im e n t  can  now be  t r a c e d  i n  F i g . 9 1 .
1 c . c .  Hedonal and 1 c . c .  S a l i n e .
The r e s p i r a t i o n  r a t e  was r e d u c e d  from 17 t o  15 , e q u a l  
t o  a l o s s  o f  l l% .  The a m p l i tu d e  was r e d u c e d  from  8 
t o  4 m .m ., e q u a l  t o  a l o s s  o f  50%.
3 c . c .  H edonal and 1 c . c .  g a l i n e .
T h is  d ose  s to p p e d  th e  r e s p i r a t i o n .  The a n im a l  d i d  
n o t  r e c o v e r .
The a n im a l  u s e d  i n  t h i s  e x p e r im e n t  was a s m a l l  one and t h e r e  was 
much t im e  l o s t  b e f o r e  t h e  t r a c i n g  was t a k e n ,  p r e p a r i n g  t h e  s e n s i t i v e  
ta m b o u r .  The r e s u l t s  r e c o r d e d  t h e r e f o r e ,  a r e  l i k e l y  more th a n  t h e  
a v e r a g e .  There  was g iv e n  i n  t h i s  e x p e r im e n t  1 .8  g r a i n s  o f  H edonal 
a l t o g e t h e r ,  o r  1 .1  g r a i n  p e r  k ilogram m e o f  body w e i g h t .
A dose  o f  3 . c . c .  (#34 g r a in )  c a u s e d  a r e d u c t i o n  i n  th e  r e s p i r a t i o n  
r a t e  o f  o n ly  5%,t h e  a m p l i tu d e  b e in g ,  how ever, re d u c e d  by  87%.
/  *
8 0 .
s ec Heo x ec
E ls u r e  LXXV.
"47 îtoW iM  5 i^ .
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DETAILS OF EXPERIMENT C.
T h is  e x p e r im e n t  shov\rs t h e  e f f e c t  o f  Hedonal on th e  r e s p i r a t i o n  o f  
a sm a ll  r a b b i t  w e ig h in g  1300 grammes. I t  a l s o  shows th e  e f f e c t  
u pon  th e  r e s p i r a t i o n  and b lo o d  p r e s s u r e  o b t a in e d  b y  s t i m u l a t i o n  o f  
t h e  v a g u s  n e rv e  w h i l e  th e  a n im a l  was n a r c o t i s e d  by  H edon a l.  - A p o r t i o n  
o f  th e  t r a c i n g  i s  s e e n  i n  F i g . 7 5 . .  T here  a r e  two l i n e s ,  t h e  u p p e r  
b e in g  t h a t  o f  th e  r e s p i r a t i o n  and th e  lo w e r  b e in g  th e  b lo o d  p r e s s u r e .
The f o l lo w in g  s t e p s  were c a r r i e d  o u t : -  
E t h e r i z a t i o n .
T racheo to m y .
Venous c a n n u la  i n s e r t e d  i n  th e  l e f t  common j u g u l a r  v e i n .
A r t e r i a l  c a n n u la  i n s e r t e d  i n  t h e  l e f t  c a r o t i d  a r t e r y .
L e f t  v a g u s  n e rv e  i s o l a t e d .
A b a l l o o n  p la c e d  o v e r  th e  abdomen and c o n n e c te d  w i t h  t h e  
t r a v e l l i n g  smoked p a p e r .
The t im e  was r e c o rd e d  i n  s e c o n d s .
I n  t h i s  e x p e r im e n t ,  th e  v e i n ,  a r t e r y  and n e rv e  c h o s e n  w ere  a l l  on t h e  same 
s i d e .  T h is  i s  n o t  d e s i r a b l e ,  a s  t h e r e  i s  t h e n  m ore chance  o f  i n t e r f e r i n g  
w i t h  t h e  n e rv e  by t o u c h i n g .
V/hen a l l  th e  d i s s e c t i o n  was c o m p le te d ,  th e  e t h e r  was w ith d ra w n , 
a r t i f i c i a l  r e s p i r a t i o n  by th e  e l e c t r i c  pump was c o n t in u e d  f o r  8  m in u te s  
o n ly  so a s  t o  c l e a r  away a l l  e t h e r  from  th e  l u n g s ,  and  th e  a n im a l  was 
a l lo w e d  t o  b r e a t h e  by  th e  t r a c h e a l  tu b e  as  i t  r e q u i r e d .  A norm al 
t r a c i n g  was th e n  t a k e n .
The f o l lo w in g  a r e  th e  d o s e s  g iv e n  d u r in g  t h e  e x p e r im e n t .
2 . 5  c . c .  H edonal (.75%) and 2 c . c .  S a l i n e .
g  f f  M  I f  f l
' ^ ' 2  "  n  f f  f f
'^*This d o se  i s  s e e n  a t  th e  l e f t  s id e  o f  F i g . 7 5 .
F a r a d i c  s t i m u l a t i o n ,  t h e , s e c o n d a r y  c o i l  s t a n d in g  a t  10 c e n t i m e t e r s .
1 c . c .  H edonal and 2 c . c .  S a l i n e .
F a r a d ic  s t i m u l a t i o n  a t  15 c e n t i m e t e r s ,  
n ff 2 0  "
2 c . c .  H ed o n a l ,  and 2 c . c .  S a l i n e .
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R e s u l t s  o f  th e  above  d o ses  i n  d e t a i l .
C o n d i t io n s  b e f o r e  s t a r t i n g : -
R e s p i r a t i o n  r a t e  28 -  a lw ays c o u n te d  i n  p e r i o d s  o f  20 s e c o n d s .  
A m plitude  o f  th e  r e s p i r a t i o n s  4 m i l l i m e t e r s .
Dose 2 ,5  c . c .  H edonal.
R e s p i r a t i o n  r a t e  became 2 5 , 2 3 ,  2 3 .
A m plitude  o f  th e  r e s p i r a t i o n s  u n a l t e r e d .
Dose 3 c . c .  H ed ona l.
R e s p i r a t i o n  r a t e  2 3 ,  1 9 ,  19 , 1 8 , 18 ( l o s s  2 1 . 7 ^  .
A m plitude  o f  t h e  r e s p i r a t i o n s  3 m i l l i m e t e r s  d u r i n g  p e r f u s i o n ,  
and  th e n  r e t u r n e d  to  4 m i l l i m e t e r s ,  ( l o s s  25%) .
Dose 2 c . c .  Hedonal ( f i r s t  d o se  m arked  i n  F i g . 75) .
R e s p i r a t i o n  r a t e  from 19 became 19 , 1 8 ,  1 8 ,  19 , 1 9 .
A m plitude  o f  th e  r e s p i r a t i o n s  r e m a in e d  4 m i l l i m e t e r s  -  u n c h an g e d .
I n  40 seco n d s  l a t e r , t h e r e  may be seen  i n  th e  t r a c i n g  a sm a l l  i r r e g u l a r i t y ,  
due t o  a movement o f  th e  a n im a l ,  and  marked " s t r u g g l e . "
Then i n  80 seco n d s  l a t e r ,  p r i o r  to  u s i n g  e l e c t r i c i t y ,  t h e  vagus  n e r v e  was 
m a n ip u la te d  m e c h a n ic a l ly ,  d u r in g  20 se c o n d s .  The r e s u l t  o f  t h i s  i s  shown 
more p a r t i c u l a r l y  in  th e  b lo o d  p r e s s u r e  l i n e .
The b loo d  p r e s s u r e  was r e d u c e d  from  85 to  78 m i l l i m e t e r s ,  e q u a l  to  
a l o s s  o f  8 %.
The r e s p i r a t i o n  r a t e  was r e d u c e d  from  18 to  1 5 ,  a l o s s  o f  16%,
( i n  2 0  seco nds)  .
The a m p l i tu d e  o f  t h e  r e s p i r a t i o n s  was i n c r e a s e d  from 4 to  6  m i l l i m e t e r s ,  
o r  50%.
The v a g u s  was t h e n  s t i m u l a t e d  f o r  3 s e c o n d s ,  t h e  se c o n d a ry  c o i l  s t a n d ­
i n g  a t  1 0  c e n t i m e t e r s .
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The e f f e c t : -
R e s p i r a t i o n  a lm o s t  c e a s e d  d u r in g  s t i m u l a t i o n .
Im m e d ia te ly  s t i m u l a t i o n  was s to p p e d ,  th e  r e s p i r a t i o n  im pro ved , so 
t h a t  th e  fo rm e r  r a t e  was r e c o v e r e d  i n  1 0  s e c o n d s .
The b lo o d  p r e s s u r e  a t  t h e  moment o f  s t i m u l a t i o n  f e l l  v e r t i c a l l y  
from  78 t o  40 m i l l i m e t e r s ,  -  a  l o s s  o f  48%. I n  30 seco nds  i t  
h a d  f u l l y  r e c o v e r e d  t o  78 m i l l i m e t e r s .
The n e x t  do se  g iv e n  was 
1 c . c .  H ed o n a l .
R e s p i r a t i o n  r a t e  1 4 ,  rem a in ed  1 4 ,  -  no c h a n g e .
A m plitude  4 m i l l i m e t e r s  became 3 m i l l i m e t e r s ,  e q u a l  t o  a  l o s s  o f  
25%.
When t h e  e f f e c t  had  p a s s e d  o f f ,  t h e r e  w ere  g iv e n  two s e p a r a t e  s t i m u l a t i o n s  
o f  th e  v a g u S :-
S eco n d ary  c o i l  a t  15 c e n t i m e t e r s .
S eco n d ary  c o i l  a t  20 c e n t i m e t e r s .
Both  o f  t h e s e  showed a n  e f f e c t  s i m i l a r  t o  t h a t  a t  10 c e n t i m e t e r s ,  b u t  l e s s .
I t  i s  t h u s  se e n  t h a t  t h e  r e d u c t i o n  i n  th e  r e s p i r a t i o n  r a t e  v a r i e s
i n v e r s e l y  w i th  th e  d i s t a n c e  o f  th e  se c o n d a ry  c o i l  from  th e  p r im a r y ,  when 
th e  v ag u s  i s  s t i m u l a t e d  and  th e  a n im a l  u n d e r  t h e  a n a e s t h e t i c  i n f l u e n c e  o f  
H e d o n a l .
Com plete  r e c o v e r y  o f  the  r e s p i r a t i o n  r a t e  from  t h e s e  s t i m u l a t i o n s  o f  
t h e  v a g u s ,  to o k  p la c e  i n  5 secon ds  a f t e r  t h e  c u r r e n t  c e a s e d  t o  p a s s .
The b lo o d  p r e s s u r e  to o k  much lo n g e r  t o  r e c o v e r  a f t e r  v a g u s  s t i m u l a t i o n  
aé  may be  s e e n  b e lo w .
C o i l  a t  10 c e n t i m e t e r s  to o k  75 se c o n d s  t o  r e c o v e r .
C o l l  a t  15 " " 32 " "
C o i l  a t  20 " " 15 " "
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C o n c lu s io n s  from  E x p e r im e n t  C.
The r e s p i r a t i o n  r a t e  b y  a dose  o f  3 c . c .  ( . 3 4  g r a in )  was r e d u c e d  21.7%. 
T h is  i s  n o t  a sudden  c h a n g e ,  t h e  r e s p i r a t i o n  c o n t i n u i n g  v e ry  u n i f o r m .
op movement
The a m p l i tu d e ^ b y  a dose  o f  3 c . c .  was re d u c e d  25%. D oses o f  1 c . c .  and 
2  c . c .  showed l i t t l e  c h a n g e .
T o t a l  r e s u l t  f o r  t h e  w hole  e x p e r im e n t  o f  17 m in u te s .
R e s p i r a t i o n  r a t e  was r e d u c e d  from  28 t o  13 i n  20 se co n d s  -  a l o s s  
o f  53 '/.
The a m p l i tu d e  was re d u c e d  from  4 t o  2 .5  m i l l i m e t e r s ,  -  a  l o s s  o f  
38%.
T h e re  was g iv e n  i n  t h e  17 m in u te s  1 .2  g r a i n  H ed o n a l ,  e q u a l  t o  . 9  g r a i n  
- p e r  k ilo g ra m m e .
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SECTION V I .
EFFECT OF HEDONAL 
UPON THE 
VAGUS NERVE-ENDINGS 
OF THE HEART.
8 6 .
To f i n d  o u t  w h e th e r  th e  vagus n e rv e  e n d in g s  on th e  h e a r t  w ere  a f f e c t e d  
by H e d o n a l ,  th e  n e r v e  was expo sed  and s t i m u l a t e d ,  b e f o r e  and a f t e r  
a d m i n i s t e r i n g  a dose  o f  th e  d ru g ,  and a l s o  a t  th e  tim e  when th e  maximugi 
e f f e c t  o f  th e  d ru g  was m ost a p p a r e n t .
The e f f e c t s  w ere r e c o r d e d  w i th  e l e c t r i c  s t i m u l a t i o n s  o f  v a r y in g  
i n t e n s i t y .
In  th e  r a b b i t  th e  r e s u l t  may be s e e n  on th e  t r a c i n g s  ô f  th e  a u r i c l e  
and  v e n t r i c l e  and b l o o d  p r e s s u r e :  i n  t h e  dog th e  h e a r t  was n o t  d i s s e c t e d
ou t b u t  t h e  e f f e c t  i s  shown on th e  b lo o d  p r e s s u r e  l i n e .
The e f f e c t s  on t h e  r a b b i t  may be s e e n  i n  F i g u r e s  XXIX, X G III ,
LXXXVII, LXXXI and  LXXXIX, and i n  th e  dog i n  F ig u r e  IXXXVIII.
S p e a k in g  g e n e r a l l y  th e  a c t i o n  o f  t h e  vagus i s  r e t a i n e d  d u r in g  t h e  
Hedonal n a r c o s i s .
In  F ig u r e  LXXXI s t i m u l a t i o n s  were made w i th  the  s e c o n d a ry  c o i l  
s t a n d in g  a t  p o s i t i o n s  v a r y i n g  from  15 to  25 c e n t i m e t e r s .  I t  was fo u n d  
t h a t  a t  25 c .m . no e f f e c t  a t  a l l  was a p p a r e n t .  When s t i m u l a t i o n s  were 
made a t  15 up t o  24 c e n t i m e t e r s ,  i n  a l l  c a s e s  t h e r e  was se e n  " s t a n d - s t i l l ” 
o f  the  h e a r t  a s  o b s e rv e d  i n  the  a u r i c l e  and v e n t r i c l e  l i n e .
I^ _ F ig u re  LXXXIX th e  e f f e c t  o f  v a g u s  s t i m u l a t i o n  i n  t h e  r a b b i t  i s
f u r t h e r  i l l u s t r a t e d .  I t  was o b s e rv e d  when th e  s e c o n d a ry  c o i l  s to o d
a t  20 c .m . from t h e  p r im a ry  and  th e  e f f e c t  o f  a H edonal d o se  was p a s s i n g
o f f ,  t h a t  th e  r e s u l t  o f  s t i m u l a t i o n  o f  the  d i s t a l  e x t r e m i t y  o f  th e
d iv id e d  r i g h t  vagu s  i n  t h e  n e c k  was a s  f o l l o w s : -
of contrachon
(1) D im in ish e d  a m p l i t i id e ^ o f  the  a u r i c l e  and  v e n t r i c l e .
(2) R e d u c t io n  i n  th e  c a r d i a c  r a t e .
(3) R e d u c t io n  i n  a r t e r i a l  t e n s i o n  a s  r e c o r d e d  from  t h e  c a r o t i d .
The above r e s u l t s  a re  se e n  i n  F i g u r e  LXXXIX a s  an " o r g a n - p ip e "  a p p e a ra n c e
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When t h e  same e l e c t r i c  s t i m u l a t i o n  (F ig u re  LXXXIX) was a g a in  a p p l i e d  t o  
th e  n e rv e  d u r in g  t h e  maximum e f f e c t  o f  a d ose  o f  H edonal, i n s t e a d  o f  on ly  
r e t a r d a t i o n  o f  th e  o a r d i a c  r a t e  t h e r e  v/as seen  " s t a n d - s t i l l "  o f  t h e  h e a r t  i n  
d i a s t o l e .  T h is  e f f e c t  rem a in e d  d u r in g  the  t im e  o f  s t i m u l a t i o n .  The 
p u l s a t i o n s  th e n  r e t u r n e d  (b u t  s low ly) f o r  1 0  s e c o n d s ,a n d  t h e n  th e y  became norma]
From t h e  above  i t  i s  a p p a r e n t  t h a t  th e  h e a r t  i s  more s e n s i t i v e  t o  vagus 
s t i m u l a t i o n  a t  t h e  h e ig h t  o f  a Hedonal e f f e c t .
The v /e igh t  o f  t h e  r a b b i t  a l s o  m o d i f i e s  th e  e f f e c t  o f  v ag u s  s t i m u l a t i o n .
I n  F ig u r e s  XXIX, LXXXVII and X G III ,  which a r e  t a k e n  from  th e  same r a b b i t ,  
we f i n d  t h a t  a s  t h e  a n im a l  was o f  g r e a t e r  w e ig h t ,  s t i m u l a t i o n  o f  t h e  vagus w i t h  
t h e  s e c o n d a ry  c o i l  even  a t  1 0  c .m . d id  n o t  p ro d u ce  " s t a n d - s t i l l "  o f  t h e  
h e a r t ,  b u t  o n ly  m arked  r e t a r d a t i o n  o f  th e  r a t e ,  w i t h  m arked  d i m i n u t io n  i n  
a m p l i t u d e .
S t i m u l a t i o n  o f  t h e  vag us  i s  accom pan ied  b y  a f a l l  i n  t h e  b lo o d  p r e s s u r e .
In  th e  p r e s e n t  e x p e r im e n ts  upon t h e  v ag u s  n e rv e  t h e  same s t e p s  w ere 
c a r r i e d  o u t  i n  th e  p r e p a r a t i o n  o f  th e  an im al a s  i n  t h e  e x p e r im e n ts  upon  th e  
a u r i c l e  and v e n t r i c l e  o f  t h e  h e a r t ,  n a m e ly : -
1 .  E t h e r i z a t i o n .
2 .  T racheo to m y .
3 .  I n s e r t i o n  o f  venous c a n n u la  i n  l e f t  j u g u l a r  v e i n  and
c o n n e c t io n  w i t h  d o u b le  b u r e t t e  s t a n d .
4 .  I n s e r t i o n  o f  a r t e r i a l  c a n n u la  i n  r i g h t  c a r o t i d  and M c C o l l 's
e l e c t r i c  c o n n e c t io n  t o  th e  m anom eter.
5 .  Opening th e  t h o r a x  and c o n n e c t in g  t h e  a u r i c l e  and v e n t r i c l e
w i t h  th e  t r a v e l l i n g  smoked p a p e r  b y  m eans o f  t h r e a d s .
I n  a d d i t i o n ,  t h e  vagus n e rv e  was d i s s e c t e d  o u t  and a l o o s e  l i g a t u r e  was 
p a s s e d  ro u n d  i t ,  so t h a t  when w an ted  i t  co u ld  be g e n t l y  p u l l e d  i n t o  v ie w .
T h is  i s  c o n v e n i e n t l y  done a t  t h e  t im e  t h e  c a r o t i d  i s  d i s s e c t e d  o u t ,  a s  n e rv e  
and  a r t e r y  l i e  i n  th e  same s h e a t h .
The two t e r m i n a l s  from  th e  s e c o n d a ry  w in d in g  o f  a  f a r a d i c  c o i l  w ere 
t h e n  p l a c e d  u n d e r  t h e  v agus  n e r v e ,  m ak ing  q u i t e  s u r e  o f  t h e  c o n t a c t .
88 .
F ig u re  XXIX.
51 5 ^ .
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A c e n t im e te r  m e a su re  was u s e d  w i th  th e  c o i l  to  m easu re  t h e  c u r r e n t .
The s t r e n g t h  o f  Hedonal s o l u t i o n  used  Y/ith th e  r a b b i t  was .75%: i n  t h e  dog 
i t  was 1 %.
AS th e  whole d i s s e c t i o n  i n  t h i s  s e r i e s  o f  e x p e r im e n ts  was e x t e n s i v e ,  th e  
an im al was p la c e d  on a warm w a te r  ta n k  and  t h e  v a r io u s  s t e p s  w ere  p ro c e e d e d  
w i th  a s  e x p e d i t i o u s l y  as p o s s i b l e ,  to  p r e v e n t  sh o c k .
FIGURE XXIX.
F ig u re  x x i x  shows a t r a c i n g  from  a r a b b i t  w e i r i n g  2800 grammes. T here  
i s  an u p p e r  f a i n t  l i n e  from  th e  a u r i c l e ,  a m idd le  b ro a d  t r a c i n g  from t h e  
v e n t r i c l e  and a lo w e r  b lo o d  p r e s s u r e  l i n e .  The F ig u re  shows t h e  e f f e c t s  o f  
3 c .c *  o f  Hedonal s o l u t i o n ^ a n d  w h i l e  t h i s  e f f e c t  was s t i l l  p r e s e n t  b u t  p a s s i n g  
o f f ,  t h e  r i g h t  d i v i d e d  v a g u s  n e rv e  was s t i m u l a t e d  a t  th e  d i s t a l  e x t r e m i t y ,  
t h e  s e c o n d a ry  c o i l  s t a n d i n g  a t  10 c .m . .  The e f f e c t  i s  se en  v e r y  p r o m in e n t ly  
i n  th e  v e n t r i c l e  l i n e  and  b lo o d  p r e s s u r e  l i n e ,  bu t a l s o  in  a  l e s s e r  d eg re e  
i n  t h e  t r a c i n g  o f  th e  a u r i c l e .
Im m e d ia te ly  b e f o r e  f a r a d i c  s t i m u l a t i o n ,  t h e  fo 11 owing were t h e  
c o n d i t i o n s
The h e a r t  was r e c o v e r i n g  from a m o d e r a te  d o se  o f  3 c . c .  o f  Hedonal 
a p p l i e d  60 se c o n d s  p r e v i o u s l y .
A m plitude  o f  c o n t i 'a c t i o n  o f  t h e  v e n t r i c l e  was 65 m.m.
Blood p r e n s u r e  i n  th e  c a r o t i d  was 60 m.m. o f  m e r c u r y .
C a rd ia c  r a t e  17 i n  4 s e c o n d s .
C o n d i t io n s  d w i n g  s t i m u l a t i o n .
A m plitude  o f  c o n t r a c t i o n  o f  t h e  v e n t r i c l e  22 mrni. -  a  l o s s  o f  6 6 %.
B loo d  p r e s s u r e  45 m.m. -  a r e d u c t i o n  eq u a l  to  25%.
C a r d ia c  r a t e  5 i n  4 se c o n d s  -  a  r e d u c t i o n  o f  70%.
The a c t i o n  o f  th e  h e a r t  a lm o s t  c e a s e d .
When s t i m u l a t i o n  c e a s e d ^ t l ie  c a r d i a c  r a t e  became n o rm a l .  The a m p l i tu d e  o f  
c o n t r a c t i o n  was normal i n  10 s e c o n d s .  I n  t h e  above e x p e r im e n t  i t  s h o u ld  be  
n o t e d  t h a t  th e  r a b b i t  was r e l a t i v e l y  h e a v y ,  t h a t  th e  d o s e  o f  Hedonal was a 
m o d e ra te  one , and  t h a t  t h e  fa& adic  s t i m u l a t i o n  was g i v e n  when t h e  e f f e c t  o f  
Hedonal was a lm o s t  r e c o v e r e d  f iorn .
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The r a b b i t  i n  F ig u r e  XGIII i s  t h e  same one a s  i n  F ig u re  XXIX. I t  w eighed  
2800 grammes. There  i s  shown t h e  r e s u l t  o f  f a r a d ! c  s t i m u l a t i o n  o f  th e  d i s t a l  
e x t r e m i ty  o f  th e  c u t  r i g h t  v a g u s .  The a n im a l  was i n  an a n a e s t h e t i c  s t a t e  
due to  H edonal a t  t h e  t im e  o f  s t i m u l a t i o n ,  b u t  th e  im m ed ia te  e f f e c t  o f  any 
one  dose had  q u i t e  p a s s e d  o f f  when t h e  s t i m u l a t i o n  was made. The s e c o n d a ry  
c o i l  was s t a n d i n g  a t  10 c .m . The a u r i c l e  l i n e  h a s  b e en  c l e a r l y  t r a c e d .  The 
e f f e c t  i s  g r e a t e r  i n  th e  v e n t r i c l e  th a n  i n  t h e  a u r i c l e .
The r e s u l t s  a r e  s i m i l a r  to  w ha t was fo u n d  i n  F ig u r e  XXIX.
The c a r d i a c  r a t e  was r e d u c e d  from 14 to  8  -  a  l o s s  o f  42%
The a m p l i tu d e  o f  c o n t r a c t i o n  i n  t h e  v e n t r i c l e  was r e d u c e d  from 
23 to  7 -  a  l o s s  o f  69%.
FIGURE LXXXVII.
F ig u re  LXXXVII i s  a l s o  from  th e  same r a b b i t ,  w h ich  w e igh ed  2800 grammes.
The t r a c i n g  o f  t h e  a u r i c l e ,  v e n t r i c l e  and b lo o d  p r e s s u r e  i s  shown.
The r i g h t  vagus was c u t  and  th e  d i s t a l  e x t r e m i ty  was s t i m u l a t e d  by f a r a d i c  
c u r r e n t .  T h is  b e in g  a heavy  r a b b i t  and no d o se  o f  H edonal h a v in g  been  
r e c e n t l y  g i v e n ,  t h e r e  was n o t  found  any “ s t a n d - s t i l l ” o f  th e  h e a r t  when th e  
c o i l  s t o o d  a t  15 c .m . ,  o r  even a t  10 c .m .
The f a r a d i c  s t i m u l a t i o n s  s e e n  i n  th e  t r a c i n g  w ere a s  fo l lo w s
(a) S t i m u l a t i o n  w i t h  c o i l  a t  20 c.m.
( b )  “  1 0  c . m .
(c) ” 15 c .m .
( d )  “  2 0  c . m .
(e)  " 17 c .m .
( f )  “  2 0  c . m .
S t i m u l a t i o n  (a)  caused  s l i g h t  r e t a r d a t i o n  o f  t h e  c a r d i a c  r a t e  and  
s l i g h t l y  d im in i s h e d  th e  a m p l i tu d e  o f  c o n t r a c t i o n .
S t i m u l a t i o n  (b) caused  r e t a r d a t i o n  o f  t h e  c a r d i a c  r a t e  e q u a l  t o  a l o s s  
o f  44%, d im in i s h e d  a m p l i tu d e  o f  c o n t r a c t i o n  i n  t h e  v e n t r i c l e  eq u a l  t o  71%, and 
r e d u c t i o n  i n  b lo o d  p r e s s u r e  o f  2 1 %.
S t i m u l a t i o n  ( c )  p r o d u c e d  a  s i m i l a r  e f f e c t  b u t  n o t  s o  g r e a t .
S t i m u l a t i o n  (d) caused  no a p p a r e n t  r e s u l t .
S t i m u l a t i o n  ( e) c a u s e d  l e s s  e f f e c t  t h a n  (c) .
S t i m u l a t i o n  ( f )  c a u s e d  n o  e f f e c t .
92.
F igure  LKXXI
2/> Mtufvc Li^■ m<jU i<)
* 4 7  TUWuat 5 ^ .  
F ig u re  LXXXIX.
m yWwVv? io e . .»Jj2làQa^ j  3 o  w v ^ L « îee .o>U£- 40 toUZi:- //.2a
■A4 H o tu^io t 6 1/^
93
FIGURE LXXXI.
. F ig u r e  LKXXI was t a k e n  from  a r a b b i t  w e ig h in g  2100 grammes. The t r a c i n g  
from  th e  a u r i c l e  and v e n t r i c l e  i s  shown. S e v e r a l  s t i m u l a t i o n s  by f a r a d i c  
c u r r e n t  w ere a p p l i e d  to  the  ( d i s t a l  e x t r e m i t y  o f  th e  s e v e re d  r i g h t  v a g u s ,  th e  
l e f t  v a g u s  h a v in g  b e e n  a l r e a d y  c u t .  One o f  th e  s t i m u l a t i o n s  was a p p l i e d  
when t h e  f u l l  e f f e c t  o f  a d o se  of 6  c . c .  H edonal s o l u t i o n  was shovm.
The t r a c i n g  shows i n  o r d e r  from  l e f t  t o  r i g h t  th e  f o l lo w in g
1 .  E l e c t r i c  s t i m u l a t i o n  w i t h  s e c o n d a ry  c o i l  a t  15 c e n t i m e t e r s .
2 . " 2 0  "
3 .  “ 25 ”
4 . " 20 “
5 .  A p p l i c a t i o n  o f  6  c . c .  H edonal ( .7 5 % ).
6 . ■ E l e c t r i c  s t i m u l a t i o n  a t  20 c e n t i m e t e r s  d u r in g  maximum e f f e c t  o f  H ed o n a l.
7 .  E l e c t r i c  s t i m u l a t i o n  w i t h  c o i l  a t  25 c e n t i m e t e r s .
8 . “ 22 ”
9 . " 23 ”
10 . " 24 "
1 1 . “ 25 "
D u rin g  t h e  w hole  t im e  o f  t h i s  e x p e r im e n t  t h e  a n im a l  was i n  t h e  a n a e s t h e t i c  
s t a t e  due t o  H ed ona l,  th e  c o r n e a l  r e f l e x  h a v in g  b e e n  a b s e n t .
The r e s u l t s  a r e  s t a t e d  b e lo w : -
1 . When th e  s e c o n d a ry  c o i l  s to o d  a t  25 c .m . t h e r e  was no r e s u l t  i n  e i t h e r  t r a c i n g .
2 .  When th e  c o i l  s to o d  a t  2 2 , 23 , o r  24 c .m . r e s p e c t i v e l y ,  th e  c a r d i a c  r a t e  was
re d u c e d  from  8  t o  2 p u l s a t i o n s  i n  3 se co n d s  -  t h e  d u r a t i o n  o f  th e  s t i m u l a t i o n .
T h is  was a r e d u c t i o n  e q u a l  t o  75%.
3 .  When t h e  c o i l  s to o d  a t  15 o r  20 c . m . “ s t a n d - s t i l l "  o f  th e  h e a r t  . In  d i a s t o l e
r e s u l t e d ,  v /h i le  th e  s t i m u l a t i o n  c o n t i n u e d .  T h is  i s  s e e n  i n  b o th  th e  a u r i c l e  
l i n e  and v e n t r i c l e  l i n e .  The h e a r t  beg an  t o  b e a t  im m e d ia te ly  t h e  s t i m u l a t i o n  
c e a s e d .  F o r  10 s e c o n d s ,h o w e v e r ,  a f t e r  t h e  s t i m u l a t i o n  c e a s e d ,  t h e  r a t e  
was r e d u c e d .  Tw enty-tw o p u l s a t i o n s  became 1 6 ,  e q u a l  t o  27% o f  a r e d u c t i o n .  
T h ere  v/as t h e r e a f t e r  c o m p le te  r e s t o r a t i o n  o f  a m p l i tu d e  and c a r d i a c  r a t e .
I n  t h i s  e x p e r im e n t  t h e  r e s u l t  o f  v a g u s  s t i m u l a t i o n  i s  s e e n  t o  be g r e a t e r  t h a n
i n  F ig u r e  XXIX, X G II I ,  and  LXXXVII, p r o b a b ly  b e c a u s e  the  a n im a l  i s  o f  l e s s e r  w e i g h t .
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FIGURE LXXXIX.
F ig u r e  LXXXIX shows t h a t  a c e r t a i n  i n t e n s i t y  o f  c u r r e n t  from  t h e  se co n d a ry  
c o i l  when th e  vagus i s  s t i m u l a t e d  and th e  h e a r t  n o t  showing th e  e f f e c t  o f  any 
r e c e n t  d o se  o f  H e d o n a l ,  may c a u se  o n ly  r e t a r d a t i o n  o f  t h e  c a r d i a c  r a t e ;  b u t  i f  
on th e  o t h e r  hand th e  same s t i m u l a t i o n  be made a t  t h e  h e i g h t  o f  a H edonal e f f e c t ,  
c o m p l e t e " s t a n d - s t i l l "  o f  t h e  h e a r t  i n  d i a s t o l e  i s  t h e  r e s u l t .  The r a b b i t  w e ighed
2100 grammes. The l e f t  vagus  was c u t  and th e  d i s t a l  e x t r e m i t y  was e l e c t r i c a l l y
s t i m u l a t e d ,  t h e  p o s i t i o n  o f  th e  se c o n d a ry  c o i l  v a r y i n g  from  5 t o  30 c e n t i m e t e r s .
T h ere  was a l s o  g iv e n  one dose  o f  H edonal o f  6  c . c . #
E l e c t r i c  s t i m u l a t i o n s  a t  5 and 10 c e n t i m e t e r s  showed m arked e f f e c t ,  th e  h e a r t  
s to p p in g  i n  d i a s t o l e .
S t i m u l a t i o n  a t  2 2 ,  25 , o r  30 c .m . c a u s e d  no a p p r e c i a b l e  e f f e c t .
S t i m u l a t i o n  a t  20 c .m . was c a r r i e d  o u t  i n  t h i s  t r a c i n g  3 t i m e s .  The f i r s t
one i s  s e e n  i n  th e  m id d le  o f  th e  v e n t r i c l e  l i n e .  The r e s u l t  i s  an  " o r g a n - p ip e "
. . . . . . .  of Contractiona p p e a ra n c e  i n  th e  t r a c i n g ,  i n d i c a t i n g  r e d u c t i o n  i n  t h e  c a r d i a c  r a t e .  A m plitude^
was n o t  a p p r e c i a b l y  a f f e c t e d .  The secon d  s t i m u l a t i o n  a t  20 c .m . was g iv e n
when th e  maximum e f f e c t  was p r e s e n t ,  due t o  6  c . c .  o f H edonal s o l u t i o n .  The
r e s u l t  i s  d i f f e r e n t  -  more m ark ed . T here  was " s t a n d - s t i l l "  o f  t h e  h e a r t  i n
d i a s t o l e .  The t h i r d  s t i m u l a t i o n  a t  20 c .m . ( s e e n  a t  th e  end o f  th e  t r a c i n g )  i s
s i m i l a r  t o  the  f i r s t  o f  t h e s e  t h r e e ,  t h e r e  h a v in g  b e e n  no H edonal e f f e c t  p r e s e n t .
T h is  means i n  my o p i n io n  t h a t  th e  h e a r t  o f  t h e  r a b b i t  i s  more s e n s i t i v e  t o  
t h e  p h y s i o l o g i c a l  e f f e c t  o f  a f a r a d i c a l l y  s t i m u l a t e d  vagu s  when i t  h a s  b e en  much 
a f f e c t e d  by  a r e c e n t  dose  o f  H ed o n a l ,  t h a n  when t h e  h e a r t  h a s  n o t  b e e n  so a f f e c t e d #
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FIGURE LXXXVIII.
The t r a c i n g  i n  F ig u r e  LXXXVIII was t a k e n  from  a dog w e ig h in g  6000 grammes 
The a n im a l  was p r e p a r e d  f o r  an  e x p e r im e n t  on t h e  a r t e r i o l e s ,  th e  k id n e y  h a v in g  
b e e n  w ith d ra w n  and p l a c e d  i n  an  o n c o m e te r .  The u p p e r  t h i n  l i n e  i s  th e  
t r a c i n g  from  th e  o n co m e te r ;  th e  lo w e r  b ro a d  one b e in g  th e  b lo o d  p r e s s u r e .
The H edonal s o l u t i o n  p e r f u s e d  b y  th e  j u g u l a r  v e in  i n  t h i s  e x p e r im e n t  vfas 
1 % s o l u t i o n .
T h ere  were g iv e n  a t  i n t e r v a l s  t h e  f o l lo w in g  d o s e s ; -  7 c . c . ,  8 . c . c . ,
10 C . C . ,  10 C . C . ,  and 10 c . c . .
W ith  th e  f a r a d i c  e l e c t r o d e  a g a i n s t  th e  d i s t a l  e x t r e m i t y  o f  t h e  c u t  r i g h t  
vagus n e r v e ,  a s t i m u l a t i o n  was a t t e m p t e d .  T here  was no re s p o n s e  b e c a u se  
one r h e o p h o r e ,  was l o o s e .  c S t im u la t lo iL  W§.s t h e n  made a t  15 c .m . when t h e  
f o l lo w in g  m ark ed  e f f e c t  r e s u i t e d ; -
1 .  The p u l s e  r a t e ,  w hich  was 12 i n  5 s e c o n d s ,  became 6 ,  e q u a l  t o  a l o s s
o f  50%.
2 .  The a m p l i tu d e  o f  contraction o f  th e  c a r o t i d ,  w h ich  was 18 m.m. became
6  m.m. -  a l o s s  o f  6 6 %.
I n  t h e  d o g ,  t h e r e f o r e ,  a c c o r d in g  t o  t h i s  e x p e r im e n t ,  H edonal d o es  n o t  
a f f e c t  th e  vagus  n e rv e ;  t h e  n e rv e  s t i l l  a c t s  i n  a  p h y s i o l o g i c a l  w ay.
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The e f f e c t  o f  Hedonal on  th e  B lood P r e s s u r e .
T h is  h a s  b e e n  i n v e s t i g a t e d  i n  t h e  r a b b i t  and th e  d o g .
The r e s u l t s  i n  t h e  r a b b i t  a r e  se e n  in  F ig u r e s  XGII, LXXXIV, LX/CX, XXI, 
X G III ,  and  IXXV. E very  d o se  re d u c e d  the  p r e s s u r e .  A d o se  o f  2 c . c .  
H edonal (.75%) c o n ta in i n g  .23  g r a i n ,  c a u s e d  a f a l l  o f  13 rn.m. o r  6  m.m. 
p e r  k ilogram m e o f  body  w e ig h t  (See F ig u r e  LXXXV.) . Even 1 c . c .  ( .1 1  g r a in )  
c au se d  a r e d u c t i o n  i n  th e  b lo o d  p r e s s u r e  o f  16 m.m. p e r  k i lo g ra m m e .
The a v e ra g e  f a l l  of p r e s s u r e  p e r  kilogramme from a d o se  o f  6  c . c ,  ( .6 9  
g r a in )  was 9  m i l l i m e t e r s ,  a s  may be u n d e r s to o d  from  th e  f o l lo w in g  t a b l e s-
D ose , F i g u r e , W eight o f  
r a b b i t .
F a l l  i n  
p r e s s u r e .
F a l l  p e r  
k ilo g ram m e.
6  c . c . 92 1800 grammes. 2 2  m.m. 1 2  m.m.
6  c . c . 92 1800 grammes. 15 m.m. 8  m.m.
6  c . c .  
..............  ■ -  -
93 2800 gram m es. 18 m.m. 6  m.m.
A verage  9 m i l l i m e t e r s .
The f i g u r e s  i n  t h e  t a b l e  r e p r e s e n t  th e  t o t a l  f a l l  i n  p r e s s u r e  from  one 
d o s e ,  a p a r t  from  r e c o v e r y ,  which a g a in  m ig h t b e  p a r t i a l  o r  c o m p le te .
I t  sh o u ld  a l s o  be o b s e rv e d  i n  t h e s e  e x p e r im e n ts  d e t a i l e d  t h a t  th e  e t h e r  
had b een  w ith d raw n  and. t h e r e  were no c o n d i t i o n s  e x i s t i n g  su c h  as would 
r e s u l t  from  an a r t i f i c i a l  s t a t e  o f  p r e s s u r e  due t o  a d r e n a l i n  o r  n i t r i t e  o f  amyl 
These l a t t e r  h av e  b e e n  c o n s id e r e d  s e p a r a t e l y .
The r e s u l t s  from e x p e r im e n t s  i n  th e  dog a r e  shown i n  F ig u r e s  X V III and 
XXII. These a r e  s i m i l a r  t o  th o s e  fou nd  i n  th e  r a b b i t ,  b u t  a re  v e r y  much 
l e s s .  There  was an i n i t i a l  i n c r e a s e  o f  b lo o d  p r e s s u r e  ( a l s o  s e e n  i n  th e  
r a b b i t )  d u r in g  th e  i n t r o d u c t i o n  o f  th e  d ru g ,  and th e n  a more m arked f a l l .
The a v e ra g e  l o s s  o f  b l o o d  p r e s s u r e  i n  th e  dog v/as 1 .7  m.m. p e r  
kilogram m e of b o d y  w e ig h t  from  a d ose  o f  6  c . c .  ( .6 9  g r a i n ) .  The r a b b i t  i s  
a t  l e a s t  4 t im e s  as  s e n s i t i v e  as  th e  dog r e g a r d in g  b lo o d  p r e s s u r e .
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The e x p e r i e n c e  o f  o t h e r  w o rk e rs  r e g a r d in g  b lo o d  p r e s s u r e  may h e r e  be 
r e c a l l e d .
Krawkow s t a t e s ; -  " A c c o rd in g ly  i t  a p p e a re d  t o  me uncommonly i n t e r e s t i n g  1% "c 
and s i g n i f i c a n t  t h a t  th e  b l o o d  p r e s s u r e ,  th a n k s  to  th e  l a t e n t  e f f e c t  
o f  t h e  amino g roup  on the h e a r t ,  i s  l i t t l e  r e d u c e d . "  And a g a in  by 
th e  same a u t h o r ; -  "The h e a r t  f u n c t i o n s  rem a in  n e v e r t h e l e s s  
so s t r o n g  t h a t  d e s p i t e  th e  d i l a t a t i o n  o f  th e  v e s s e l s ,  i t  k e e p s  t
th e  p r e s s u r e  t o  a lm o s t  n o rm a l ,  and w orks a lm o s t  w i th o u t
j
e x h a u s t i o n  t i l l  t h e  a n i m a l ’ s d e a t h .  "
Larnpsakow sa y s  t h a t  t h e  dog i n  h e a v y  s l e e p  shows a f a l l  i n  b lo o d  
p r e s s u r e  o f  20 t o  30 i%m.
K a r lo w i t s c h  fou nd  t h a t  t h e  b l o o d  p r e s s u r e  rem ained  s t e a d y  i n  t h e  6 6 ,
d e e p e s t  n a r c o s i s .
D r e s e r  r e p o r t e d  t h a t  r a b b i t s  i n  deep  s l e e p  showed no change i n  th e  54:
b loo d  p r e s s u r e  -  o n ly  a few m .m ,.
J e r e r n i t s c h  ( i n  Krawkow’ s l a b o r a t o r y )  found i n  t h e  dog o n ly  5 m.m. o f  
a f a l l  i n  b lo o d  p r e s s u r e ,  o r  none a t  a l l .  R e g a rd in g  t h e  human 
s u b j e c t  we have  i n  h i s  own w o r d s ; -  "The i n t r o d u c t i o n  o f  t h e  
l i q u i d  h a s  no e f f e c t  on  th e  b lo o d  p r e s s u r e  w o r th  m e n t io n in g . "
S id o re n k o  s t a t e s  t h a t  t h e  b lo o d  p r e s s u r e  f e l l  a l i t t l e  a t  t h e  
b e g in n i n g ,  to  r e t u r n  soon t o  n o rm a l.
B u r k h a r d t ( o f  N ürnberg) s a i d  a t  t h e  i n t e r n a t i o n a l  M e d ica l  C o n g re s s ,  1913 , 
when sp e a k in g  o f  H edonal and I s o p r a l ,  t h a t  he d e p r e c a t e d  th e  
u s e  of th e  fo rm e r  "ow ing to  t h e  f a l l  o f  b l o o d  p r e s s u r e ,  th e  ^ ^ ,3 ,
d i f f i c u l t y  o f  r e g u l a t i n g  th e  d o s e ,  th e  p ro lo n g e d  s l e e p ,  and th e  
d a n g e r  of r e s p i r a t o r y  p a r a l y s i s . "
W .P.Honan ( o f  New York) s t a t e s  ; - " H e d o n a l  i n v a r i a b l y  lo w e re d  t h e
b lo o d  p r e s s u r e  from 6  t o  25 m.m, o f  m e r c u r y ."  T h is  r e p o r t  o f  
Honan r e f e r s  t o  the  human s u b j e c t .
U n f o r t u n a t e l y  i n  th e  German t r a n s l a t i o n s  (and  a l s o  E n g l i s h )  o f  th e  work 
o f  th e  above  a u t h o r s ,  we do n o t  f i n d  any  o f  th e  t r a c i n g s  p ro d u c e d .
OfKi 11, 
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The o p i n io n  o f  th e  E n g l i s h  su rg e o n ,  C .M .Page, o f  S t .T h o m a s ’ s i s  iV^ ',
i n t e r e s t i n g .  He r e c o r d s  a c c u r a t e l y  i n  a t a b l e  t h e  p r e s s u r e  i n  s e v e r a l  
c l i n i c a l  c a s e s ,  .and t e l l s  u s  t h a t  th e  b lo o d  p r e s s u r e  d ro ps  s l i g h t l y  and  
th e n  rem a in s  no rm al i n  th e  human s u b j e c t ,  and adds  th e  a c c u r a t e  f a c t s  
r e g a r d in g  some 6  o r  so c a s e s .
On ex am in in g  ;bhe c h a r t ,  t h e r e  seems t o  be a v e r y  s u b s t a n t i a l  f a l l  i n  
t h e  b lo od  p r e s s u r e ,  s i m i l a r  t o  what we sh o u ld  e x p e c t  ( se e  I n t r o d u c t i o n )  .
FIGURE X C II .
The t r a c i n g  i n  F ig u r e  XCII was t a k e n  from a r a b b i t  w e ig h in g  1800 
grammes. The f o l lo w in g  were c a r r i e d  o u t : -
1 .  E t h e r i z a t i o n .
2 .  T rach eo to m y .
3 .  Venous c a n n u la  i n s e r t e d .
4 .  A r t e r i a l  c a n n u la  I n s e r t e d .
5 .  The k id n e y  was w ith d raw n  and p l a c e d  i n  an  o ncom ete r
t o  o b t a i n  a t r a c i n g .
The s i n g l e  l i n e  se e n  i s  t h e  b lo o d  p r e s s u r e  t r a c i n g .  The p r e s s u r e  a t
t h e  b e g in n in g  o f  th e  l i n e  i s  70 m .m .. I t  i s  a  p r e s s u r e  o f  r e c o v e r y  from
p re v io u s  t r e a t m e n t .  I t  r e a c h e d  90 m .m ,. T here  was t h e n  a d m i n i s t e r e d
th ro u g h  th e  venous c a n n u la  th e  f o l lo w in g
6  c . c .  H edonal and 
3 c . c .  S a l i n e .
Two p e a k s  a re  w e l l  m arked due to  i n i t i a l  i n c r e a s e  o f  p r e s s u r e .  The
peak  due t o  Hedonal r e p r e s e n t s  a p r e s s u r e  o f  105 m .m ..  A f t e r  t h e  s a l i n e
was i n t r o d u c e d ,  th e  p r e s s u r e  became 6 8  m .m ..  T h is  to o k  10 s e c s ,  t o  show.
T ^ere  was t h u s  a l o s s  o f  22 m .m ..  R eco v e ry  to o k  45 s e c o n d s ,  t h e  p r e s s u r e  
how ever o n l y  r e g i s t e r i n g  83 m .m ..  T h is  dose o f  6  c . c .  ( .6 9  g r a in )  
c a u se d  a l o s s  o f  b lo o d  p r e s s u r e  e q u a l  t o  1 2  m.m. p e r  k i lo g ra m m e .
Then t h i s  dose  was r e p e a t e d  a b o u t  100 s e c s ,  a f t e r  th e  l a s t  o n e , -  v i z . ,
6  c . c .  Hedonal and 
3 c . c .  S a l i n e .
Two p e a k s  were a g a i n  shovm o f  i n c r e a s e d  p r e s s u r e .  B e fo re  p e r f u s i n g  t h i s
dose  th e  p r e s s u r e  v/as 80 m .m .. I t  became 65 m.m. -  a l o s s  o f  15 m .m .. P r e s s u i
k e p t /
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k e p t  v e ry  s t e a d y  t h e n  f o r  90 s e c s .  T h is  close o f  6  c . c .  c a u se d  a l o s s  o f  8  m.
p e r  k i lo g ra m m e . A s m a l l e r  d o se  v/as t h e n  g iv e n .
4 c . c .  H edonal and 
3 c . c .  S a l i n e .
A p r e s s u r e  o f  65 m.m. became 53 m .m .-  a l o s s  o f  12 m .m ..-  The d o se  o f  
4  c . c .  ( .4 6  g r a in )  c a u s e d  a l o s s  o f 6  m.m. p e r  k i lo g ra m m e .
FIGURE LXXXIV.
F ig u r e  LXXXIV shows th e  e f f e c t  o f  H edonal and o f  n i t r i t e  o f  amyl
r e s p e c t i v e l y  upo n  t h e  b lo o d  p r e s s u r e  o f  a r a b b i t  vm ighing  1800 grammes.
The f o l lo w in g  dose  was a d m i n i s t e r e d : -
3 c . c .  H edonal and 
3 c . c .  S a l i n e .
T here  a r e  two i n i t i a l  p e a k s  w e l l  marked due t o  i n c r e a s e  o f  p r e s s u r e .  Then
t h e r e  was a f a l l  i n  b lo o d  p r e s s u r e  p ro d u c e d  d u r in g  12 s e c s . .  In  30 s e c s .
more r e c o v e r y  had  t a k e n  p l a c e ,  b u t  the p r e s s u r e  d i d  n o t  r e a c h  f u l l y  i t s
fo rm e r  h e i g h t .  The p r e s s u r e  t h e n  re m a in e d  s t e a d y  f o r  40 s e c s . ,  and a
s m a l l  v i a l  o f  n i t r i t e  o f  amyl w i t h  th e  c o rk  removed was b r o u g h t  n e a r
th e  o p e n in g  o f  th e  t r a c h e a l  t u b e  f o r  2 s e c s . .  T h e re  v/as im m e d ia te ly
p ro d u ce d  a p ro fo u n d  and  sh a rp  f a l l  o f  p r e s s u r e  d i f f e r i n g  from  th e  fo rm e r
e f f e c t  i n  t h a t  t h e r e  was no i n i t i a l  peak  from  i n c r e a s e  o f  p r e s s u r e
se e n  i n  th e  t r a c i n g .  T h is  e f f e c t  i s  i m p o r t a n t  and sh o u ld  be rem embered
by a n a e s t h e t i s t s .  N i t r i t e  o f  amyl sh o u ld  n e v e r  be a d m i n i s t e r e d  t o  a
p a t i e n t  s u f f e r i n g  fix)m c h lo r o fo r m  c o l l a p s e ,  b e c a u se  i t  r e d u c e s  p r e s s u r e ,
an  e f f e c t  w h ich  c h lo ro f o r m  a l s o  t e n d s  t o  d o .  N i t r i t e  o f  amyl c e r t a i n l y
r e l a x e s  v e s s e l s  a s  i s  se en  i n  t h e  a r t e r i o l e s  o f  t h e  f a c e  i n  th e  human b e in g ;
b u t  t h i s  may be a p e r i l o u s  t h i n g  to  d o .  I f  t h i s  r e l a x a t i o n  o f  v e s s e l s
i s  g o in g  t o  d e p l e t e  t h e  h e a r t  and c a u se  i t s  c e s s a t i o n .  I n  60 s e c s ,  t h e r e  
was r e c o v e r y  of th e  b lo o d  p r e s s u r e  t o  n e a r l y  i t s  fo rm e r  h e i g h t .
Then t h e r e  was g iv e n
5 c . c .  H edonal and 
3 c . c .  S a l i n e .
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The same r e s u l t  was s e e n  a s  w i t h  a  fo rm er  d ose  o f  H edo na l.  There  was 
a f a l l  o f  p r e s s u r e  e q u a l  to  18 m.m, p e r  k i lo g ram m e . The d e t a i l s  o f  th e  
e x p e r im e n t  a r e  shown d i  a gramma t i c  a l l y  b e lo w .  The num bers i n d i c a t e  t h e  
b lo d d  p r e s s u r e  i n  m i l l i m e t e r s ; -
A U .
too 100
3 c . c .  Hed.
3 c . c .  S a l i n e .
N i t r i t e  o f  
Amyl.
5 c . c .  Hed.
3 c . c .  S a l i n e .
F ig u r e  LXXX.
F ig u re  LXXX i s  t a k e n  from a r a b b i t  w e ig h in g  1300 grammes. The l o w e s t
o f  t h e  t h r e e  l i n e s  r e p r e s e n t s  t h e  b lo o d  p r e s s u r e .  The b e g in n in g  o f  t h e
t r a c i n g  shows a h ig h  b lo o d  p r e s s u r e  due to  a d r e n a l i n  h a v in g  b e en  i n t r o d u c e d .
The b lo o d  p r e s s u r e  was 95 m .m .. The f o l lo w in g  d o se  was th e n  g i v e n ; -
2 c . c .  Hedonal and  
2 c . c .  S a l i n e .
The p r e s s u r e  was r e d u c e d  to  52 m.m. in  40 s e c s . .  I n  30 s e c s ,  more th e  
p r e s s u r e  was 60 rn.m .. T h is  e x p e r im e n t  was c a r r i e d  o u t  a f t e r  s e v e r a l  
fo im e r  d o s e s .  I t  e x p l a i n s  th e  g r e a t  f a l l  w i t h  a  m o d e r a te ly  s m a l l  q u a n t i t y  
o f  Hedonal p e r f u s e d .  There  was no a t t e m p t  t o  r e a c h  t h e  h ig h  p r e s s u r e  w i t h  
w h ic h  th e  e x p e r im e n t  s t a r t e d  a s  i t  was an  a r t i f i c i a l l y  p ro d u ce d  p r e s s u r e .
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FIGURE LX>OCV.
F ig u re  IXXXV i s  a t r a c in g  which i s  o f  i n t e r e s t  to  Bhow the  e f f e c t  o f
H edonal u po n  t h e  b lo o d  p r e s s u r e  v;hen t h e  l a t t e r  was h i g h .  The f i r s t  dose
of  H edonal  v/as g i v e n  when th e  a n a e s t h e t i c  e t h e r  had  j u s t  b e e n  w i t h h e l d ,  th e
c i r c u l a t i o n  b e in g  good a t  the  t im e .  The se c o n d  dose  of H edonal was g iv e n
a f t e r  a s t i l l  h i g h e r  b lo o d  p r e s s u r e  h a d  been  o b t a i n e d ,  due to  a d r e n a l i n .
The e x p e r im e n t  was made upon  a r a b b i t  w e ig h in g  1950 grammes. The t r a c i n g
a t  f i r s t  r e p r e s e n t s  a p r e s s u r e  o f  105 m,rn.. The p u l s e  waves a r e  c l e a r l y
of movement
m ark ed , t h e i r  a m p l i tu d e ^ b e in g  10 m .m ,.  T here  was a d m i n i s t e r e d  a d o se  o f
2 c . c .  H edonal and  
2 c . c .  S a l i n e ,
E f f e c t ; -  (a) Two p ro m in e n t  p e a k s  were s e e n  from  i n i t i a l  i n c r e a s e  o f
b lo o d  p r e s s u r e ,
(b) The a m p l i tu d e  o f  movement o f  t h e  v e s s e l  was wax r e d u c e d  from
10 m.m. t o  3 m.m, -  o n ly  a t h i r d  o f  w hat i t  had  b e e n ,
(c) The t o t a l  f a l l  o f  b l o o d  p r e s s u r e  from  105 m.m, t o  92 m.m,
to o k  p l a c e  i n  10 s e c s , .  The dose  o f  2 c . c ,  ( .2 3  g r a in )  
h a s  c a u se d  a l o s s  o f  6  m.m. p e r  k i lo g ra m m e .
(d) Com plete  r e c o v e r y  o f  t h e  p r e s s u r e  t o  105 m.m. to o k  30 s e c s .
from  t h e  t im e  o f  th e  c o m p le te  r e d u c t i o n .
The p r e s s u r e  i n  t h i s  c a s e  r e t u r n e d  t o  t h a t  w i t h  w h ich  i t  s t a r t e d ,  
p r o b a b ly  b e c a u se  th e  a n im a l  was i n  good c o n d i t i o n  when t h e  f i r s t  d o se  was 
g iv e n .
of movement
( e )  The a m p l i tu d e ^ o f  t h e  v e s s e l  w a l l  b e g a n  t o  r e t u r n  t o  i t s
f o rm e r  m easu rem en t o f  1 0  m .m ..
The t r a c i n g  was n o t  r e c o r d e d  a f t e r  t h i s  f o r  1 m in u te .  The b lo o d
p r e s s u r e  h a d  f a l l e n  t o  92 m.m, when a d o se  was g iv e n  by  hy p o d erm ic
i n j e c t i o n  th ro u g h  t h e  r u b b e r  tu b e  o f  t h e  venous c a n n u la  c o n s i s t i n g  o f ; -
.2 5  c . c .  A d r e n a l in  f o l lo w e d  b y  
2 c . c .  S a l in e
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W ith in  10 s e c s ,  t h e  p r e s s u r e  ro se  from 92 m.m. t o  175 m.m. -  an
i n c r e a s e  o f  83 m .m .. In  90 s e c s ,  t h i s  h i g h  p r e s s u r e  f e l l  t o  150 m .m ., when
t h e r e  was a d m i n i s t e r e d  a n o th e r  dose  c o n s i s t i n g  o f
4 c . c .  H edonal and 
2 c . c .  S a l i n e .
The r e s u l t  o f  t h i s  dose was a more a b ru p t  f a l l  o f  p r e s s u r e  t h a n  w i th  
t h e  p r e v io u s  dose  a s  i t  was tw i c e  t h e  q u a n t i t y .  The lo v /e s t  p r e s s u r e  
r e c o r d e d  a t  t h i s  tim e  v/as 114 m.m. e q u a l  to  a lo s s  o f  36 m.m. i n  12 s e c s . .
T h is  dose  o f  4 c . c .  ( .4 6  g r a i n )  h a s  c a u se d  a l o s s  o f 18 m.m. p e r  k i lo g ra m m e .
The e f f e c t s  p a s s e d  o f f  i n  20 s e c s ,  m o r e ,b u t  t h e  p r e s s u r e  was t h e n  o n ly  124 m .m ..
FIGURE XXI.
F ig u r e  XXI was taJcen from  a r a b b i t  w e ig h in g  1700 grammes. The d e e p ly
in d e n t e d  l i n e  w h ic h  a t  t h e  b e g in n i n g  i s  p l a c e d  h i g h e r  r e p r e s e n t s  t h e  b lo o d
p r e s s u r e ,  th e  o t h e r  l i n e  b e in g  an o nco m e te r  l i n e .  T Ëree  l a r g e  d o s e s  o f
Hedonal were i n t r o d u c e d ,  an d  th e  e f f e c t  on b lo o d  p r e s s u r e  was v e r y  m arked .
The b l o o d  p r e s s u r e  a t  f i r s t  v/as 130 m .m .. T h ere  v/as g iv e n  a  d o se  o f ; -  . .
6  c . c .  H edonal and  
2 c . c .  S a l i n e .
In  20 s e c s ,  t h e  p r e s s u r e  had  f a l l e n  t o  98 m .m ,.  In  40 s e c s ,  i t  r e c o v e r e d  b u t
o n ly  r e a c h e d  115 m .m .. The same d o se  e x a c t l y  was r e p e a t e d ; -
6  c . c .  H edonal and  
2 c . c .  S a l i n e .
The p r e s s u r e  f e l l  i n  10 s e c s ,  t o  56 m .m ,.  T h is  was a v e r y  p ro fo u n d  f a l l .
I n  r e c o v e r i n g ;  i t  r e a c h e d  92 m .m .. Then a t h i r d  dose o f  th e  same q u a n t i t y  
was g i v e n ; «
6  c . c .  H edonal and 
2 c . c .  S a l i n e .
The p r e s s u r e  f e l l  to  22 m.m. from  w hich  t h e r e  v/as no r e c o v e r y .
The r e a s o n  t h a t  i n  t h i s  c a s e  th e  f a l l  i n  b lo o d  p r e s s u r e  was so v e r y
m arked was t h a t  t h i s  e f f e c t  was o b ta in e d  a f t e r  many o t h e r  d o s e s  had a l r e a d y  beer, 
g iv e n The e f f e c t  o f  th e  f i r s t  dose  o f  6  c . c ,  ( .6 9  g r a in )  was = l o s s  o f  18m.m,p e r  k i l o  
The e f f e c t  o f  tlie  2nd dose  o f  6  c . c .  v/as = l o s s  o f  34 m.m, p e r  k i l o .
The e f f e c t  o f  the  3 rd  dose  o f  6  c . c ,  v/as = l o s s  o f  41 m.m. p e r  k i l o .
•  ^ t
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FIGURE XGIII.
F ig u re .  X G III ,v;as t a k e n  from a l a r g e  r a b b i t  w e ig h in g  2800 gram m es. The 
lo w e s t  t r a c i n g  i s  a r e c o r d  o f  th e  b l o o d  p r e s s u r e .  A d o se  o f  6  c . c ,  o f  H edonal 
f o l lo w e d  by  5  c . c .  S a l in e  v/as g i v e n ,  and  i s  i n d i c a t e d  a t  t h e  m id d le  o f  t h e  l i n e .
The p r e s s u r e  b e f o r e  p e r f u s i o n  v/as 6 6  m .m ., The i n i t i a l  peak  i n d i c a t e d  70 m .m ..
The f o l lo w in g  p r e s s u r e  th e n  re a c h e d  48 m .m ., I t  no s o o n e r  r e a c h e d  t h i s  
minimum th a n  i t  be gan to  r i s e  a g a i n ,  r e a c h in g  a maximum o f  62 m.m, i n  30 s e c s . .
The l o s s  p e r  k ilogram m e r e s u l t i n g  from  th e  d o se  of 6  c . c ,  ( .6 9  g r a i n  Hedonal) 
was 6  m .m .. , .
FIGURE IXXV,
F ig u r e  LXXV i s  a t r a c i n g  from  a sm a ll  r a b b i t  o f  1300 grammes. The 
f o l lo w in g  s t e p s  were c a r r i e d  o u t
1 .  E t h e r i s a t i o n .
2 .  Tracheotomy.
3 .  Venous c a n n u la  i n s e r t e d  i n t o  t h e  l e f t  j u g u l a r  v e i n .
4 .  A r t e r i a l  c a n n u la  i n s e r t e d  i n t o  t h e  l e f t  c a r o t i d  a r t e r y .
5 .  L e f t  V&gus n e rv e  i s o l a t e d .
6 . A b a l l o o n  v/as a p p l i e d  t o  th e  abdomen, so t h a t  a t r a c i n g  o f  th e
r e s p i r a t i o n  m ig h t  be t a k e n ,
• At the t im e  t h e  above t r a c i n g  was t a k e n ,  t h e  a b lm a l  was b r e a t h i n g
th ro u g h  t h e  t r a c h e o to m y  t u b e ,  no a r t i f i c i a l  means b e in g  u s e d .  The lov/er
t r a c i n g  i n  the  F ig u r e  r e p r e s e n t s  th e  b lo o d  p r e s s u r e .  The p r e s s u r e  was
SB m . m . . There  was g iv e n  a dose c o n s i s t i n g  o f : -
2 c . c ,  Hedonal and 
2 c . c .  S a l i n e .
The b lo o d  p r e s s u r e  1 in e  im m e d ia te ly  showed two sm a ll  p e a k s .  Then i t  
f e l l  t o  a minimum o f  57 m.m.. -  a f a l l  o f  31 m.m, i n  14 s e c s . .  The l o s s  from  
a  dose  o f  2 c . c ,  C.23 g r a in )  was e q u a l  t o  23 m.m. p e r  k ilog ram m e. R eco v e ry  
to o k  p l a c e  i n  120 s e c s . , t h e  p r e s s u r e  t h e n  b e in g  85 m .m .. A s t i m u l a t i o n  o f  
t h e  vag us  was t h e n  made by  f a r a d i c  c u r r e n t .  A f te rw a rd s  t h e r e  was p e r f u s e d  a d o se  o
1 c . c .  H edonal ( .1 1  g r a i n j  and
2 c . c .  S a l i n e .
The e f f e c t  shov/ed two sm a l l  p e a k s  a t  t h e  i n t r o d u c t i o n  o f  t h e  d ru g .  T h ere  was t h e n  
a l o s s  o f  20 m.m, i n  14 s e c s , .  T h is  dose  h a s  c a u s e d  a l o s s  o f  p r e s s u r e  e q u a l  t o
15 m.m, p e r  k ilog ram m e.
1 1 0 .
F igure XV III.
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E f f e c t  o f  H edonal on th e  b lo o d  p r e s s u r e  o f  t h e  Dog,
The r e s u l t s  from  e x p e r im e n ts  on th e  dog a r e  shov/n i n  F i g u r e s  XV III and 
X X II, These  a r e  s i m i l a r  t o  t h o s e  found i n  th e  r a b b i t .  T h e re  v/as an 
i n i t i a l  i n c r e a s e  o f  b l o o d  p r e s s u r e  d u r in g  i n t r o d u c t i o n  o f  th e  d rug  and t h e n  
a  more m arked f a l l .  In  t h i s  r e s p e c t  th e  dog was found  to  be much l e s s  
s e n s i t i v e  t h a n  th e  r a b b i t  f o r  e q u a l  w e ig h t  and d o s e .
D ose, W eight o f  d o g . Number o f  
f i g u r e .
. L oss p e r  
k ilog ram m e.
E q u iv a le n t  f a l l  
f o r  d o se  o f  6 c . c .
12 c . Ci 6000 gram m es. F ig u r e  18 3 , 3  m.m. 1 .6  m.m.
6 c .c # 4400 grammes. F i g u r e  22 . 1 .5  m.m, 1 ,5  m.m.10 c f c . 4400 grammes. F ig u r e  22 3 . 4  m.m. 2 .0  m.m.
I t  h a s  b e e n  shown i n  t h e  p r e s e n t  e x p e r im e n t ,  t h a t  i n  th e  dog th e  a v e ra g e  
l o s s  o f  b lo o d  p r e s s u r e  was 1 ,7  m,m, p e r  k ilogram m e f o r  a  dose  o f  6 c . c ,  ( ,6 9  
g r a i n  H e d o n a l ) . '  In  th e  r a b b i t  the  same d o se  c au se d  an  a v e ra g e  r e d u c t i o n  i n  
b l o o d  p r e s s u r e  e q u a l  t o  9 m,m, p e r  k i lo g ra m m e . The r a b b i t  t h e r e f o r e  i s  
a b o u t  5 t im e s  as  s e n s i t i v e  a s  t h e  dog r e g a r d i n g  th e  e f f e c t  o f  H edonal on t h e  
b lo o d  p r e s s u r e .
FIGURE XVIII.,
A dog w e ig h in g  6000 grammes was c h o sen  i n  F ig u r e  X V III , The a n im a l  was 
a n a e s t h e t i z e d  w i th  m o rp h ia ,  t h e n  c h l o r o f o r m - e t h e r .  T racheo tom y was p e r fo rm e d ,  
A B an n u la  was i n s e r t e d  i n t o  t h e  e x t e r n a l  j u g u l a r  v e i n  and c o n n e c te d  w i th  a 
d o u b le  b u r e t t e ,  one tu b e  c o n t a i n i n g  H edonal .7 6  ^  and th e  o t h e r  tu b e  n o rm a l  
S a l i n e ,  The a r t e r i a l  p r e s s u r e  was t a k e n  from  t h e  c a r o t i d ,  u s i n g  M cGoll^s 
e l e c t r i c  c o n n e c t io n  t o  t h e  m anom ete r . F i g u r e  X V III shows th e  k i n d  o f  
r e s u l t  o b t a i n e d .
1 1 2 .
There  a r e  two l i n e s  s e e n .  The n a r ro w  h e av y  l i n e  i a  an  oncom ete r  
t r a c i n g  ( d e s c r i b e d  e ls e w h e re )  drawn by a p o i n t e r  made o f  s t r a w .  At t h e  
b e g in n in g  t h i s  t r a c i n g  p a s s e s  th r o u g h  t h e  m id d le  o f  th e  b lo o d  p r e s s u r e  l i n e ,  
w h ic h  i s  a b r o a d e r  l i n e  and more f a i n t l y  t r a c e d  b e c a u s e  drawn b y  a h a i r  w i r e .
At th e  b e g in n in g  o f  th e  t r a c i n g  t h e  mean maximum b lo o d  p r e s s u r e  was 82 m.m. 
o f  m e rc u ry .  A d ose  o f  12 c . c .  o f  H edonal was th e n  p e r f u s e d .  The b lo o d
p r e s s u r e  f e l l  t o  a mean minimum o f  62 m.m. i n  70 s e c s . .  The p r e s s u r e  h ad
r e t u r n e d  t o  th e  p r e v i o u s  h e i g h t  i n  100 s e c s ,  a f t e r  b e g in n in g  t o  p e r f u s e  t h e
d r u g .  The d o se  o f  12  c . c .  c a u s e d  t h e r e f o r e  a f a l l  i n  p r e s s u r e  o f  20 m.m.
e q u a l  to  24^  b u t  w i t h  co m p le te  r e c o v e r y .  T here  was t h e r e f o r e  a l o s s  o f  
3 . 3 .  m.m. p f i p r è s s u r e  p e r  kilogramm e w i t h  a  dose  o f  12 c . c . .
FIGURE XX II.
The t r a c i n g  i n  F i g u r e  XXII was t a k e n  from  a dog w e ig h in g  4 . 4  k i lo g ra m m e s , 
The f o l lo w in g  p r e p a r a t i o n s  were c a r r i e d  o u t  i n  th e  e x p e r im e n t
(1) A venous c a n n u la  v/as i n t r o d u c e d  i n t o  th e  l e f t  j u g u l a r  v e i n  f o r  p e r f u s i o n
o f  th e  d r u g .  T h is  was c o n n e c te d  w i t h  a b u r e t t e  f o r  H edonal and S a l i n e ,
(2) An a r t e r i a l  c a n n u la  was i n s e r t e d  t o  r e c o rd  p r e s s u r e  from  th e  r i g h t  c a r o t i d
a r t e r y .
(3)  The l e f t  k id n e y  was p l a c e d  i n  an  on co m e te r  and c o n n e c te d  w i t h  a S c h R fe r ’ s
m e t a l l i c  tam b o u r t o  r e c o r d  changes i n  t h e  s i z e  o f  th e  w a l l s  o f  th e  
a r t e r i o l e s .
T h ere  a r e  two l i n e s  i n  th e  t r a c i n g .  The b r o a d  u p p e r  one i s  t h e  b lo o d  
p r e s s u r e  l i n e ,  and t h e  lo w er  i s  t h e  o n co g rap h  l i n e  d e s c r i b e d  e l s e w h e r e .  Two 
d o se s  o f  H edonal w ere  g iv e n .  The r e s u l t  showed a n  i n i t i a l  s m a l l  r i s e  o f  
b lo o d  p r e s s u r e  i n  e a c h  c a se  a t  t h e  moment o f  i n t r o d u c t i o n ,  s i m i l a r  t o  t h a t  
found  i n  t h e  r a b b i t ,  and th e n  a more p ro fo u n d  f a l l .
The f i r s t  d o se  v/as g iv e n  when th e  b lo o d  p r e s s u r e  was 145 m .m .. I t  
c o n s i s t e d  o f : -
6 c . c .  Hedonal and 
1 c . c .  S a l i n e .
1 1 3
In  4 s e c s ,  t h e  i n i t i a l  i n c r e a s e  became 150 m.m. -  a. r i s e  o f  5 m .m ., and 
th e n  f e l l  t o  138 m .m ., b e in g  a l o s s  o f  7 m .m .. T h is  l o s s  o f  p r e s s u r e  
o c c u r r e d  i n  25 s e c s ,  a f t e r  b e g in n in g  t o  p e r f u s e  t h e  d r u g .  In  20 s e c s ,  more 
r e c o v e r y  had  t a k e n  p l a c e  t o  142 m.m.
The l o s s  o f  p r e s s u r e  from  6 c . c .  v/as e q u a l  to  1 .5  m.m. p e r  k ilo g ram m e .
A n o th e r  d o se  v/as g i v e n  when th e  p r e s s u r e  v/as 140 m.m. c o n s i s t i n g  o f
10 c . c .  H edonal and  
1 c . c . S a l i n e •
The same k i n d  o f  r e s u l t  fo l lo w e d ,  b u t  m ore p r o f o u n d .  The p r e s s u r e  f e l l  
t o  125 m .m ., e q u a l  to  15 m.m. o r  a  l o s s  o f  p r e s s u r e  o f  3 .4  m.m. p e r  k ilogram m e
METHYLFROPYLGARBINOL URETHANE 
PHYSIOLQGIGAL AGTION
s
ANIMALS,
By
John  D onald , M.D.
■>r
V o l . I I .
SECTION V I I I .
E f f e c t  on th e  A r t e r io l e s  o f  th e  r a b b it  and  
dog a s  s e e n  i n  th e  k id n e y  and i n t e s t i n e .
2 .
E f f e c t  o f  Hedonal on t h e  A r t e r i o l e s .
T h i s  h a s  b e en  i n v e s t i g a t e d  i n  th e  r a b b i t  and dog , th e  k id n e y  and 
i n t e s t i n e  h a v in g  b e e n  u s e d  f o r  th e  p u rp o se .
A l l  th e  r e s u l t s  o f  e x p e r im e n ts  show a r e l a x a t i o n  o f  th e  w a l l s  o f  
t h e  a r t e r i o l e s ;  Hedonal i s  a v a s o - d i l a t o r . T here  i s  p ro b a b ly  a
p a r a l y s i n g  e f f e c t  on th e  v a s o - c o n s t r i c t o r  c e n t r e  i n  th e  m e d u l la .
When e x p e r im e n t in g  w i th  r a b b i t s ^  th e  an im al was a n a e s t h e t i s e d  w i th  
e t h e r ;  i n  th e  c ase  o f  t h e  dog t h e r e  was g iv e n  m orphia  and c h lo r o f o m  
f o l lo w e d  by e t h e r .
T racheotom y was th e n  p e rfo rm ed  and one o f  M c C o ll 's  b r a s s  t r a c h e a l  
t u b e s  Was i n s e r t e d .  T hese  tu b e s  make i t  p o s s i b l e  to  r e g u l a t e  t h e  
q u a n t i t y  o f  a i r  e n t e r i n g .
The l e f t  common j u g u l a r  v e in  was d i s s e c t e d  o u t  and con nec ted  w i th  
a  d o u b le  b u r e t t e  s t a n d  to  h o ld  Hedonal s o l u t i o n  ( .75^ )  and  norm al 
s a l i n e .  The b u r e t t e s  w ere  g ra d u a te d  to  53 c , c .
The r i g h t  common c a r o t i d  was t h e n  s e p a r a t e d  and th e  g l a s s  c a n n u la  
i n s e r t e d ,  u s i n g  M cColl*s e l e c t r i c  c o n n e c t io n  to  th e  m anom eter.
When t h e  k id n e y  was u s e d ,  t h e  o rg a n  v/as p la c e d  i n  an  o n co m e te r ,  
o f  s u i t a b l e  s i z e ,  made o f  g u t t a  p e r c h a .  When th e  i n t e s t i n e  was u s e d ,  
a lo o p  o f  th e  bowel w i th  m e s e n te ry  12" lo n g  was p la c e d  i n  a c e l l  
m e a su r in g  5 x 3  in c h e s ,a n d  made o f  c e l l u l o i d  to  d i r e c t i o n s .  The 
f l a n g e s  o f  th e  two h a lv e s  o f  t h i s  oncom eter  w ere bound t i g h t l y  t o ­
g e th e r  by b u t t e r f l y  sc rew s , and anhydrous  l a n o l i n e  v/as a p p l i e d  to  
p r e v e n t  th e  p a s sa g e  o f  a i r  w i th o u t  u n d u ly  c o n s t r i c t i n g  th e  v e s s e l s .
The m ark in g  p o i n t e r  o f  th e  oncog raph  was a sh a rp en e d  p i e c e  o f  s t r a w  
which made a heavy  l i n e .  The p o i n t e r  f o r  th e  b lo o d  p r e s s u r e  was a 
f i n e  h a i r  w i r e ,  th e  l i n e  b e in g  v e ry  l i g h t l y  draw n.
The r e s u l t s  were more a p p a re n t  i n  the dog th a n  i n  th e  r a b b i t  and 
when u s in g  a  lo o p  o f  bow el th a n  when u s in g  th e  k id n e y ,  d o u b t le s s  on 
a c c o u n t  o f  t h e r e  b e in g  more v e s s e l s  a f f e c t e d  i n  the  fo im e r  c a s e .
F ig u r e  XViBII shows th e  k in d  o f  r e s u l t  o b t a i n e d , -  a f a l l  o f  a r t e r i a l  
p r e s s u r e  w i th  an  i n c r e a s e  i n  volume o f  th e  g u t , -  a d i l a t a t i o n  o f  a l l  
th e  a r t e r i o l e s .  When th e  k id n e y  w asyused o n ly  a s l i g h t  d i l a t a t i o n
was a b le  t o  be r e c o rd e d  w i th  a s l i g h t  f a l l  i n  th e  p r e s s u r e  (F ig u re  X X II).
/
In  some c a s e s  a s m a l l  dose  o f  a d r e n a l i n  was a d m in i s t e r e d  when th e  
an im a l  was m o rib u n d , a f t e r  s e v e r a l  l a r g e  d o se s  o f  H edon a l .  The 
e f f e c t  may be s e e n  i n  F ig u r e s  X X III ,  LXXXIII, and LXXXV.
A c h a r t  i s  shown below  g iv in g  a s h o r t  l i s t  o f  e x p e r im e n ts  w hich  
have b e e n  s e l e c t e d  from a number o f  o t h e r s .
Animal
u s e d .
W eigh t. F i g u r e , K idney , I n t e s t i n e .
R a b b it 1950 grammes. 85 4"
1700 grammes. 21 +
5600 grammes. 25 +
6000 grammes. 18
6000 grammes • 19 +
6000 grammes. 82 +
Dog. 4400 grammes. 22 +
4400 grammes. 23 +
4400 grammes. 24 +
4400 gramme s . 83 +
The f i r s t  e x p e r im e n t  was a s im p le r  one th a n  th e  o t h e r s  i n  t h a t  
no g ra p h ic  r e p r e s e n t a t i o n  was r e c o rd e d  from th e  o n c o m e te r .  The r a b b i t  
w e ighed  1950 grammes. The t r e a t m e n t  o f  th e  an im al was as  a l r e a d y  
d e t a i l e d .  In  t h i s  c a se  th e  k id n e y  was cho sen  and p l a c e d  i n  a sm a ll  
d n co m e te r  made a s  f o l l o w s ; -  A w a ln u t  v/as ta k e n  and two s h e e t s  of 
w h i te  g u t t a  p e rc h a  1 m.m. t h i c k  w ere  p la c e d  i n  h o t  w a te r  and th e n  
m oulded on th e  u p p e r  and lo w e r  h a lv e s  o f  th e  w a lnu t she& l. A f l a n g e  
was made a t  the  j u n c t i o n .  I t  was th e n  p la c e d  in  c o ld  w a te r  to  h a rd e n .  
A h o le  was b o re d  i n  t h e  u p p e r  h a l f  o f t h i s  b i - v a l v e  and a g l a s s  tu b e
w as/
4 .
F ig u re  LXXXV,
*47
was i n t r o d u c e d  from w i t h i n ,  so t h a t  i t  f i t t e d  t i g h t l y .  A d ra w in g  i s  
shown be low .
5 .
B
Rubber tu b in g  was l e d  to  a  lo n g  g l a s s  tu b e  3 m.m. in  d ia m e te r  w&ich was 
p l a c e d  on a p a p e r  m easu re  marked i n  c e n t i m e t e r s ,  and f i x e d  s t e a d i l y  on 
th e  t a b l e .  A bead  o f  w a te r  was i n t r o d u c e d  i n t o  t h e  c e n t r e  o f  t h i s  
g l a s s  tu b e .  S e v e ra l  d o s e s  o f  from 2 c . c .  to  6 c . c .  o f  Hedonal 
S o l u t i o n  w ere p e r f u s e d  i n t o  th e  j u g u l a r  v e i n .  The b e ad  o f  w a te r  
moved i n  th e  d i r e c t i o n  o f  B t o  th e  e x t e n t  o f  2 to  4 c e n t im e te r s  -  i n  
one c a s e  12 c e n t i m e t e r s .  T h is  p ro v ed  t h a t  Hedonal was a v a s o ­
d i l a t o r  i n  th e  r a b b i t .  The k id n e y  became l a r g e r  and  s e n t  a i r  o u t  o f  
th e  oncom ete r  p u sh in g  b e f o r e  i t  t h e  bead  o f  w a t e r .  Then a d r e n a l i n  
(1 in  1000) was i n t r o d u c e d  i n  2 d o s e s  o f  .1  c . c .  and .25  c . c . ,  r e s p e c t ­
i v e l y ,  when th e  o p p o s i t e  e f f e c t  was o b ta in e d  -  t h e  b e ad  o f  w a te r  
a c t u a l l y  t r a v e l l i n g  i n  t h e  o p p o s i t e  d i r e c t i o n  tow ard  A.
T h is  m ethod  h a s  b e e n  d e s c r i b e d  by D. Ho&l P a to n .  F ig u re  LXXXV 
i s  p ro d u ced  t o  show th e  e f f e c t  o f  a d r e n a l i n  ( . 2 5  c . c . )  i n  i n c r e a s i n g  
th e  p r e s s u r e  and 4 c . c .  Hedonal i n  r e d u c in g  th e  p r e s s u r e  i n  t h e  above 
e x p e r im e n t  a l th o u g h  t h e r e  was no o n c o g rap h  t r a c i n g  m ade.
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FIGURE XXI.
F ig u re  XXI was t a k e n  from  a r a b b i t  w e ig h in g  1700 grammes. The 
k id n e y  i n  t h i s  e x p e r im e n t  was f i r s t  o f a l l  p l a c e d  i n  t h e  o n c o m e te r ;  b u t  
t h e  r e s u l t  was so i n d e f i n i t e  t h a t  i t  was r e p l a c e d  i n  t h e  abdomen and a 
lo o p  of bow el was ch o sen  and p l a c e d  i n  a l a r g e r  r e c e i v e r  made o f  
c e l l u l o i d .  There  a r e  tv/o l i n e s  s e e n  in  t h e  t r a c i n g .  The u p p e r  
d e e p ly  in d e n te d  one i s  th e  b lo o d  p r e s s u r e .  The lo w e r  one i s  t h e  
o n c o g ra p h  t r a c i n g  from  the  i n t e s t i n e .  T here  i s  s e e n  t h e  e f f e c t  o f  
3 d o s e s  o f  H edonal o f  6 c . c .  f o l lo w e d  by s a l i n e .
The f i r s t  dose  shows h a r d l y  any  change i n  th e  o n co g rap h  l i n e ;  b u t  
th e  n e x t  two show a d i s t i n c t  r i s i n g  o f  th e  l i n e  w hich  c o r r e s p o n d s  i n
t im e  w i th  an  ex trem e f a l l i n g  o f  th e  b lo o d  p r e s s u r e .  T h is  change
b e g an  to  show v /h ile  th e  d ru g  was b e in g  p e r f u s e d .  The e f f e c t  on th e  
b lo o d  p r e s s u r e  i s  e x t r e m e ly  w e l l  m arked ,
FIGURE XXV.
F ig u re  XXV has  been  ta k e n  from  a dog w e ig h in g  5600 grammes. The 
u p p e r  b ro a d  l i n e  r e p r e s e n t s  th e  b lo o d  p r e s s u r e ,  th e  lo w e r  b e in g  th e  
on co g rap h  from  th e  k id n e y .
T here  w ere  i n  a l l  n i n e  d o se s  o f  Hedonal a d m i n i s t e r e d ,  e a c h  b e in g  
fo l lo w e d  b y  a sm a ll  d o se  o f  s a l i n e .
The d o se s  were 2 c . c . ,  5 c . c . ,  10 c . c . ,  10 c . c . ,  10 c . c . ,  15 c . c . ,
15 C. C. ,  15 C. G. ,  10 C . C . ,  The f i g u r e  shows t h a t  d o s e s  o f  10 c . c .  and 
15 c . c .  gave an i n i t i a l  i n c r e a s e  o f  b lo o d  p r e s s u r e ,  im m e d ia te ly  
fo l lo w e d  b y  a f a l l .  The o n co g rap h  l i n e  r o s e  t o  m eet t h e  f a l l i n g  b lo o d  
p r e s s u r e  l i n e  a s  each  q u a n t i t y  was p e r f u s e d .  These r e l a t i v e l y  l a r g e  
d o se s  were i n t r o d u c e d  r a p i d l y  i n  from .3 t o  6 s e c o n d s ,  due t o  th e  
l i q u i d  i n  th e  bu re& te  s t a n d in g  a t  a h i g h e r  l e v e l  th a n  some o t h e r  d o se s  
w h ich  to o k  l o n g e r  t o  p e r f u s e .
The c o n c lu s io n  from  t h e  above e x p e r im e n t  i s  t h a t  Hedonal r e d u c e s  
b lo o d  p r e s s u r e  i n  th e  d o g ,  and t h a t  i t  a c t s  on th e  a r t e r i o l e s  o f  th e  k id n e y
a s  a v a s o - d i l a t o r .  T h is  l a t t e r  r e s u l t  i s  n o t  Bo p r o m in e n t ly  s e e n  as when a 
lo o p  o f  bowel has  been e n c lo s e d  i n  th e  o n c o m e te r .
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FIGURE X V III .
F ig u re  X V III i s  a t r a c i n g  t a k e n  from a dog w e ig h in g  6000 grammes. The 
abdomen was opened and a lo o p  o f  bow el w i t h  th e  m e s e n te ry  12" lo n g  was p la c e d  
i n  th e  c e l l u l o i d  o n c o m e te r .  The heavy  b u t  na rrow  l i n e  i s  th e  o n c o g rap h  
l i n e .  The f i n e  b u t  d eep  l i n e  i s  th e  b lo o d  p r e s s u r e  t a k e n  from  th e  c a r o t i d .  
The t im e  i s  m arked i n  s e c o n d s .  The d ose  a d m in i s t e r e d  was 12 c . c .  o f  
H edonal s o l u t i o n  fo l lo w e d  b y  1 c . c .  o f s a l i n e .  The u p p e r  h e a v y  l i n e  
shows r e l a x a t i o n  o f  th e  w a l l s  o f  t h e  a r t e r i o l e s ,  t h e  lo w e r  showing 
a r e d u c t io n  o f  b lo o d  p r e s s u r e .  The change i n  th e  o n c o g rap h  l i n e  and 
th e  b lo o d  p r e s s u r e  b e g an  to  shov/ a t  t h e  same moment -  20 seco nds  a f t e r  
b e g in n in g  t o  p e r f u s e  th e  d ru g .  The fo rm e r  r o s e  due t o  r e l a x a t i o n  of 
th e  a r t e r i o l e s  i n  th e  l o o p  o f  b o w e l .  The e f f e c t  l i n g e r e d  100 s e c o n d s .
At th e  b e g in n in g  o f  th e  t r a c i n g  th e  mean maximum b lo o d  p r e s s u r e  
was 82 m .m .. I t  t h e n  f e l l .  The dose  a d m in i s t e r e d  reduced  t h i s  
p r e s s u r e  t o  a mean minimum o f  62 m .m .in  80 s e c o n d s .  The two l i n e s  
t h e n  merged to w a rd s  e a c h  o t h e r ,  so  t h a t  i n  100 seco n d s  from t h e  s t a r t  
t h e y  had r e t u r n e d  to  t h e i r  n o rm al p o s i t i o n .
FIGURE XIX.
F ig u re  XIX i s  from  th e  same e x p e r im e n t  as  F ig u r e  X V III .  I t  shows a 
s i m i l a r  e f f e c t  o f  a f u r t h e r  do se  o f  12 c . c .  o f  H edonal s o l u t i o n .  The 
e f f e c t  i n  b o t h  l i n e s  p a s s e d  o f f  i n  100 s e c o n d s .  The heavy  t r a c i n g  i s  
th e  o n c o g ra p h  l i n e  and th e  o t h e r  th e  b lo o d  p r e s s u r e .  The b lo o d  p r e s s u r e  
became v e ry  n a rro w  d u r in g  60 s e c o n d s .  T h is  was fo u n d  t o  be due t o  
k i n k i n g  o f  t h e  c a r o t i d  t u b e . T h is  was rem e d ie d  and im m e d ia te ly  th e  
p u l s a t i o n s  i n c r e a s e d  g r e a t l y  i n  a m p l i tu d e .
In  F ig u r e s  XV III and XIX a f t e r  p e r f u s in g  t h e  H ed o n a l,  r e l a x a t i o n  of 
th e  a r t e r i o l e s  to o k  p la c e  i n  th e  p o r t i o n  o f  bow el i n  th e  o n c o m e te r .
T he /
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The lo o p  o f  bowel t h e r e f o r e  o c c u p ie d  more sp a c e .  A i r  was d r i v e n  
ou t  o f  th e  onco m ete r  and s e n t  a lo n g  t h e  tu b e  a t  t h e  to p  o f  th e  b o x .
T h is  a i r  p r e s s e d  up th e  wooden f l o a t  i n  Sch& fer*s on co g rap h  and r a i s e d  
t h e  l e v e r  w i th  th e  a i d  o f  th e  c o u n te r p o i s e  a t  th e  o t h e r  end and th u s  
th e  t r a c i n g  to o k  a m ore e l e v a t e d  p o s i t i o n .
FIGURE LXXXII.
The t r a c i n g  i n  F ig u r e  IXXXII i s  from th e  same e x p e r im e n t  a s  F ig u r e s  
X V III and XIX, th e  w e ig h t  o f  the  dog b e in g  6000 grammes.
I t  i s  an  a d r e n a l i n  e f f e c t .  T here  h a s  been  g iv e n  i n  a l l  o f  Hedonal 
6 d o se s  -  5 c . c . ,  12 c . c . ,  I B . ç . c . ,  14 c . c . ,  15 c . c . ,  14 c . c . , e a c h  b e in g  
f o l lo w e d  b y  s a l i n e .  In  b o th  l i n e s  th e  r e s u l t  i s  th e  o p p o s i t e  o f  t h e  
H edonal e f f e c t .  At t h e  b e g in n in g  o f  th e  t r a c i n g  th e  lo w e r  l i n e  i s  t h e  
on cog raph , th e  u p p e r  b e in g  th e  b lo o d  p r e s s u r e .
A f t e r  th e  above d o ses  had  shovm t h e i r  e f f e c t  a s  has  b e e n  d e t a i l e d ,  
th e  c o n d i t i o n s  were a t  th e  s t a r t  o f  th e  t r a c i n g
(a) B lood p r e s s u r e  maximum 68 m.m.
(b) A m plitude  o f  th e  p u l s e  b e a t s  i n  t h e  b lo o d  p r e s s u r e  l i n e  12 m.m.
(c) The o n c o g rap h  l i n e  w hich  s to o d  a t  a h e ig h t  o f  48 m.m. from  th e
a b s c i s s a  was s l i g h t l y  f a l l i n g .
T h ere  was t h e n  i n t r o d u c e d  by  hypoderm ic  n e e d l e  i n t o  t h e  ru b b e r
tu b in g  o f  the  venous c a n n u la  ’
.25  c . c .  a d r e n a l i n ,
.8  c . c .  s a l i n e .
The e f f e c t  was as f o l l o v / s ; -
(a) B lood  p r e s s u r e  i n c r e a s e d  t o  100 m.m. in  20 s e c o n d s .
(b) A m p litud e  o f  t h e  p u l s e  i n  th e  r i g h t  c a r o t i d  a r t e r y  s e e n  i n  th e  b lo o d
p r e s s u r e  l i n e  i n c r e a s e d  t o  60 m.m. i n  th e  same t im e  -  20 s e c o n d s .
(c) The o n co g rap h  l i n e  b e g a n  to  f a l l  i n  abou t 10 seconds a f t e r  t h e  Hedonal
was begun t o  be p e r f u s e d .  At 20 seconds from  th e  s t a r t ,  i t  had
f a l l e n /
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f a l l e n  t o  i t s  l o w e s t  p o i n t  -  4 m.m. be low  th e  l e v e l  o f  th e  
a b s c i s s a  l i n e  -  a f a l l  o f  50 m .m .. I t  would have  f a l l e n  
f u r t h e r  b u t  th e  l e v e r  h i t  a g a i n s t  a p o r t i o n  o f  t h e  s t a n d .
I n  60 seco n d é  more t h e  l i n e  r o s e  above t h e  a b s c i s s a .  In  
110 seco n d s  i t  r e a c h e d  i t s  fo rm e r  h e ig h t  and th e  two l i n e s  
t h e n  began  t o  c ro s s  each  o t h e r .  The a d r e n a l i n  t h e r e f o r e  
c a u se d  an  e f f e c t  w h ich  l a s t e d  140 s e c o n d s .  T here  was a 
c o n s t r i c t i o n  i n  th e  w a l l s  o f  t h e  a r t e r i o l e s  i n  t h e  lo o p  
o f  bowel e n c lo s e d  i n  the  o n c o m e te r .  The volume o f  th e  
g u t  was d im in i s h e d ,  more a i r  e n t e r i n g  t h e  o n c o m e te r .
The f l o a t  i n  S c h l f e r ’ s o n c o g ra p h  t h e r e f o r e  f e l l .  The l i n e  
t r a c e d  i s  v e ry  lo w . The b lo o d  p r e s s u r e  i n  t h e  c a r o t i d  h a s  
b een  i n c r e a s e d .
FIGURE X X II.
F ig u r e  XXII i s  t a k e n  from  a dog w e ig h in g  4400 grammes. The ven o u s  
and a r t e r i a l  c a n n u la e  were i n s e r t e d  i n  th e  u s u a l  way and th e  l e f t  k id n e y  
was p la c e d  i n  an  o n c o m e te r ,  b e in g  c o n n e c te d  w i t h  a SchM fer’ s m e t a l l i c  
tam bour t o  r e c o r d  the  ch an g es  i n  t h e  v e s s e l  w a l l s .  T here  a re  two 
l i n e s  i n  the  t r a c i n g .  The b ro a d  u p p e r  one i s  th e  b lo o d  p r e s s u r e  and  
th e  lo w e r  i s  t h e  o n c o g ra p h  l i n e .  The e x p e r im e n t  p ro v e s  t h a t  H edonal 
r e l a x e s  th e  w a l l s  o f  t h e  a r t e r i o l e s  i n  th e  k id n e y  o f  th e  dog , and a l s o  
r e d u c e s  b lo o d  p r e s s u r e .  These  two l i n e s  t h e r e f o r e ,  when a dose  o f  
Ë edon a l h a s  b e e n  p e r f u s e d ,  a p p ro a ch e d  each  o t h e r .  T h is  was se e n  t o  
o c c u r  w i t h  two d o s e s ,  v i z . ,  6 c . c . ,  and 10 c . c . ,  r e s p e c t i v e l y .
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FIGURE X X III .
F ig u r e  X X III was t a k e n  from t h e  same e x p e r im e n t  a s  F ig u r e  XXII . I t  
shows t h e  e f f e c t  o f  a d r e n a l i n  upon t h e  b lo o d  p r e s s u r e  and th e  w a l l s  o f  
the  a & t e r i o l e s  i n  a dog*s k id n e y .  The w e ig h t  was 4400 grarm ies. A dose 
o f  .5  c . c .  a d r e n a l i n  (1 i n  100 ,000) fo l lo w e d  b y  s a l i n e  was i n t r o d u c e d .
The two l i n e s  a r e  seen  r e c e d in g  from  e ac h  o t h e r .  The o n co g rap h  l i n e  
has  f a l l e n  and th e  b lo o d  p r e s s u r e  l i n e  h a s  r i s e n .  The v e s s e l s  i n  th e  
k id n e y  have c o n t r a c t e d  and t h e  o rg an  h a s  o c c u p ie d  l e s s  s p a c e .  A i r  h a s  
r e t u r n e d  to  th e  on co m e te r  lo v /e r in g  th e  p o i n t e r  and t h e  t r a c i n g .
I t  to o k  12 seconds to  p e r f u s e  th e  H edonal and a t  t h e  8 th  se co n d  th e
changes b egan  t o  be  a p p a r e n t .
FIGURE XXIV.
F ig u r e  XXIV i s  from  t h e  same e x p e r im e n t  a s  F ig u r e s  XXII and X X III ,  
th e  dog w e ig h in g  4400 grammes. The u p p e r  b r o a d  l i n e  i s  t h e  b lo o d  
p r e s s u r e .  The lo w e r  n a r ro w  l i n e  i s  th e  o n c o g ra p h  l i n e  from  th e  k id n e y .  
Two d o se s  o f  H edonal -12  c . c .  and 20 c . c .  r e s p e c t i v e l y  -  were a d m i n i s t e r e d  
A s i m i l a r  r e s u l t  t o  t h a t  o f  F ig u re  XXII has b e e n  o b t a i n e d .
The f i r s t  d o se  too k  10 seconds t o  p e r f u s e .  At t h e  t h i r d  se co n d  
t h e r e  can be s e e n  an  i n i t i a l  i n c r e a s e  i n  th e  b lo o d  p r e s s u r e  fo l lo w e d  by  
a r e d u c t i o n .
The b lo o d  p r e s s u r e  f e l l  from 135 m.m. (an  a r t i f i c i a l  p r e s s u r e  due
to  a d r e n a l i n )  t o  129 m .m ., a l o s s  o f  6 m.m. i n  30 seco nds  from  t h e
moment o f  p e r f u s i o n .
In  t h e  same t im e  th e  o n co g rap h  l i n e  ro s e  c o n t in u o u s ly  u n t i l  b o t h
l i n e s  a p p ro a ch e d  each  o t h e r .  The f i g u r e  shows a pau se  i n  th e  t r a c i n g
which  was made 100 seco nds  a f t e r  s t a r t i n g  th e  d o s e .  Then t h e  dose  o f  
20 c . c ,  was a d m i n i s t e r e d .  The same k in d  o f  r e s u l t  f o l lo w e d ;  th e  
two l i n e s  a p p ro a c h e d  each  o t h e r  and f i n a l l y  t h e  lo w e r  r a n  th ro u g h  th e  
u p u e r  o n e .
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FIGURE LXXXIII.
F ig u re  LXXXIII was t a k e n  from  th e  same e x p e r im e n t  a s  F ig u r e  XXIV. 
I t  i s  an a d r e n a l i n  e f f e c t  a f t e r  s e v e r a l  d o s e s  o f  H edonal h ad  b e e n  
p e r fu s e d .  In  th e  w hole  e x p e r im e n t  th e  d o se s  a d m i n i s t e r e d  w ere a s
f o l lo w : -
(1) 6 c . c . H edonal
1 c . c . S a l i n e .
(2) 10 c . c . H e d o n a l .
1 c . c . S a l i n e ,
(3) 12 c . c . H ed o n a l .
1 c . c . S a l i n e .
(4) 20 C '. c • H ed o n a l .
1 c . c . S a l i n e .
A l a r g e r  o n c o m e te r  was t h e n  i n t r o d u c e d  t o  h o ld  t h e  k id n e y .
(5) .5  c . c .  A d r e n a l in  ( 1 i n  1 0 0 ,0 0 0 ) .
1 c . c .  S a l i n e .
(6) 1 c . c .  A d r e n a l in  (1 i n  lOO.OOOj
1 c . c .  S a l i n e .
(7) 1 c . c .  A d r e n a l in  (1 i n  100,000)
1 c . c .  S a l i n e .
(8) 1 c . c .  A d r e n a l in  (1 i n  10 ,000) -  m arked i n  th e  t r a c i n g .
1 c . c .  S a l i n e .
The u p p e r  b ro a d  t r a c i n g  i s  t h e  b lo o d  p r e s s u r e ,  t h e  lo w er  b e in g  th e  
oncograph l i n e  t a k e n  from  th e  k id n e y .
The f i g u r e  shows t h e  e f f e c t  o f  th e  l a s t  dose  a d m i n i s t e r e d .
C o n d i t i o n s  b e f o r e  t h i s  d o s e ; -
(a) Maximum p r e s s u r e  105 m.m.
(b) O ncograph l i n e  s t a n d in g  a t  th e  l e v e l  o f  53 m.m. above
th e  a b s c i s s a .
(c) R a te  o f  th e  p u l s e  52 i n  30 s e c o n d s .
I t  to o k  5 se co n d s  t o  i n j e c t  th e  A d r e n a l i n .  At t h e  s i x t h  second when
s a l i n e  was b e in g  p e r f u s e d ,  t h e r e  was a m arked e f f e c t  n o te d  a s  fo l lo w s
(a) The p r e s s u r e  r o s e  t o  a maximum o f  133 m.m. i n  10 second s  -
a n  i n c r e a s e  o f  26^ .
(b) The o n c o g ra p h  d e sce n d ed  a t  once and rea ch e d  th e  a b s c i s s a  i n
40 s e c o n d s .
(c) R a te  o f  t h e  p u l s e  26 i n  30 s e c o n d s ,  a r e d u c t io n  of 50^ .
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SECTION DC.
EFFECT OF HEDONAL ON 
ARTERIOLES OF FROG.
*
18 .
The e f f e c t  o f  Hedonal on th e  a r t e r i o l e s  h a s  been shown to  be t h a t  o f  
v a s o - c o n s t r i c t i o n ,  when t h e  drug s o lv e n t  and r e s t o r a t i v e  were i d e n t i c a l .  
T h is e f f e c t  h a s  been  o b ta in e d  u n d e r  s e v e r a l  d i f f e r e n t  c o n d i t i o n s  o f  th e  
e x p e r im e n t ,  and i t  i s  to  be  n o te d  t h a t  th e  r e s u l t s  in  t h e  f r o g  a r e  q u i t e  
d i f f e r e n t  from th o s e  i n  t h e  mammal.
I .  When th e  d ru g  was d i s s o lv e d  i n  S a l in e  .7 5 ^  and th e  r e s t o r a t i v e  u sed
was S a l in e  .75%:-
( a) When th e  Hedonal s o l u t i o n  was s t r o n g  -  .4%.
(b) When t h e  s o l u t io n  was weak -  .075%.
( c) When t h e  f ro g  was p i t h e d ,  and
(d) When th e  f ro g  was n o t  p i t h e d .
I I .  When th e  d ru g  was d i s s o l v e d  i n  S h e r r i n g t o n 's  s o l u t i o n  and th e
r e s t o r a t i v e  was S h e r r i n g t o n 's  s o l u t i o n .
I t s  c o m p o s it io n  w a s : -
Sodium C h lo r id e  6 grammes.
P o ta ss iu m  C h lo r id e  .0075 gramme.
Calcium C h lo r id e  .01 gramme.
B ic a rb o n a te  o f  Soda .01 gramme.
D i s t i l l e d  w a te r  to  100 c . c .
(a) When t h e  Hedonal s o l u t i o n  was s t r o n g  -  .4%.
(b) When i t  was weak -  1 i n  20 00 .
(c) When u n p i th e d .
I I I .  When p r o g ' s  " R in g e r” was th e  d rug  s o lv e n t  and r e s t o r a t i v e .
The f r o g ' s  ” R in g e r” had t h e  f o l lo w in g  c o m p o s i t io n : -
Sodium C h lo r id e  6 grararaes.
p o ta s s iu m  C h lo r id e  .05  gramme.
B ic a rb o n a te  o f  Soda .1 gramme.
D i s t i l l e d  w a te r  to  1000 c . c .
(w i th o u t  oxygen) .
Again t h i s  r e s u l t  was o b ta in e d
(a) W ith  s t r o n g  Hedonal -  .4%.
(b) W ith  weak Hedonal -  .075%.
(c) When th e  f r o g  was p i t h e d .
(d) When u n p i  t h e d .
The e f f e c t  i s  in d e p e n d e n t  o f  th e  b r a in  and s p in a l  c o rd .  I t  i s
t h e r e f o r e /
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t h e r e f o r e  n o t  a r e f l e x  a c t i o n .  The a c t i o n  may he upon th e  i n t r i n s i c  n e rv o u s  
g a n g l i a  s i t u a t e d  i n  th e  w a l l s  o f  the a r t e r i o l e s .  I n  t h i s  c a s e  i n  th e  
p r e s e n t  e x p e r im e n ts ,  t h e  d rug  i s  e i t h e r  an  e x c i t a n t  o f  th e  v a s o - c o n s t r i c t o r  
f i b r e s ,  o r  an  i n h i b i t o r  o f  th e  v a s o - d i l a t o r s .
On th e  o t h e r  han d , th e  a c t i o n  may be  a d i r e c t  one on th e  m u sc u la r  w a l l  
i t s e l f .  I n  t h i s  c ase  i t  would be th e  c i r c u l a r  m u s c u la r  f i b r e s  which would 
be a c te d  u p o n ,  a s  i t  i s  i n c o n c e iv a b le  t h a t  any such  e f f e c t  c o u ld  r e s u l t  from 
an  a c t i o n  on the  l o n g i t u d i n a l  m u sc u la r  c o a t .
The v a s o - c o n s t r i c t o r  e f f e c t  was shown i n  17 t r a c i n g s  w hich  have b e e n  
ch o sen ; b u t  many o t h e r s  c o n s t a n t l y  gave t h e  same r e s u l t ,  when th e  d rug  
s o lv e n t  and  th e  c o n t r o l  were s i m i l a r .
B e s id e s  t h e  t r a c i n g s  m en tio n ed  and h e re  p ro d u c e d ,  i n  one e x p e r im e n t  no 
e f f e c t  was o b t a in e d .  The d ru g  was d i s s o l v e d  i n  f r o g ' s  "R in g e r"  and t h e  
r e s t o r a t i v e  was " R in g e r " .  No change o c c u r r e d  i n  t h i s  e x p e r im e n t ,  u s in g  a 
s t ro n g  s o l u t i o n  of H edonal (.4%) n o r  when i t  was weak, ( .075% ). The 
f r o g  had been  p i t h e d .  (See F i g s .  18 and 19 from th e  same f r o g . )
In  o p p o s i t io n  t o  th e  above f i n d i n g s ,  i n  two c a s e s  a v a s o - d i l a t o r  
e f f e c t  was o b ta in e d .  The t r a c i n g s  a r e  shown. In  one o f  t h e s e  ( F i g . 20) 
t h e  Hedonal was d i s s o l v e d  i n  d i s t i l l e d  w a te r  (.4%) th e  r e s t o r a t i v e  b e in g  
S a l in e  ( .7 5% ). I t  was a p i th e d  f r o g .  The d ru g  s o l u t i o n  was
n o t  i î o t o n i c  ^ürith th e  b lo o d ,  and th e  c o n t r o l  s o l u t i o n  d i f f e r e d  from 
th e  s o lv e n t  o f  th e  d ru g .  In  the  o t h e r  t r a c i n g  ( F i g . 21) showing v a s o ­
d i l a t a t i o n ,  th e  H edon a l,  (.75%) was d i s s o l v e d  i n  norm al S a l in e  and t h e  
r e s t o r a t i v e  was f r o g ' s  " R in g e r " .  The an im a l was p i t h e d .  I n  t h i s  
e x p e r im en t  a l s o  th e  s o lv e n t  and  r e s t o r a t i v e  were n o t  s i m i l a r .
2 0 .
T here are th r e e  e x p er im en ts  i n  w h ich  th e  d r u g - s o lv e n t  and th e  
r e s t o r a t iv e  were norm al s a l i n e  (.75%)- .  In  ea ch , o f  t h e s e  th e  H edonal
s o lu t io n  was .4%,
The l o s s  in  o u tf lo w  from  th e  d u c tu s  v en osu a  was
F ig u re  1 = 16%.
" 2 = 13%.
" 3 = 15%.
There has been  an  a verage  l o s s  i n  o u tf lo w  o f  14.6%  due t o  H edonal a c t in g  
as a v a s o - c o n s t r i c t o r .
E ig h t  ex p er im en ts  h ave b een  shown where th e  d r u g - s o lv e n t  and th e  
r e s t o r a t iv e  w ere " S h e rr in g to n " .
F ig u r e . H edonal s o lu t i o n  u s e d . L oss i n  o u tp u t*  
from  a r t e r i o l e s .
6 .0 5  % o r  1 in  2000 39%.
10 .05% " 8.6% .
5 .1% o r  1 i n  1000 79%.
9 .1% " 14%.
7 .1% " 15%.
4 .4% o r  1 i n  250 29%.
8 .4% " 21%.
11 .4% " 12%.
* The l o s s  i n  o u tp u t was c a lc u la t e d  upon th e  number o f  d ro p s  
w hich  f e l l  i n  a g iv e n  t im e .
The o u tp u t from th e  a r t e r i o l e s  by  th e  a c t io n  o f  H edonal o f  th r e e  d i f f e r e n t
s t r e n g t h s ,  when p e r fu se d  through  th e  in t a c t  h e a r t  in  th e  above 8 e x p e r im e n ts ,
has a lw ays b e en  d im in is h e d . H edonal i s  t h e r e fo r e  a v a s o - c o n s t r i c t o r  in
th e  f r o g .  The l o s s  o f  ou tp u t due t o  H edonal h a s  v a r ie d  from 8 .6  t o  79%.
2 1 .
1 1 i l l
A p p a ra tu s  u s e d  i n  e x p e r im e n ts  
on A r t e r i o l e s  o f  f r o g .
I n  th e  f o l lo w in g  s ix  e x p e r im e n ts  th e  d r u g - s o l v e n t  and r e s t o r a t i v e
II II *w ere R in g e r .
F ig u r e . ' S t r e n g th  o f  
s o l u t i o n .
Loss i n  o u tp u t  
from a r t e r i o l e s .
13 .075% 7%
14 .075% 10%
15 .075% 16%
16 .075% 28%
17 .4% 9%
18 .4% 32%
The l o s s  due to  Hedonal h a s  v a r i e d  from 7% to  32% in  th e  above 
experim ents .
Method a d o p te d  in  t h e  p r e s e n t  e x p e r im e n t s ; -
In  some o f  th e  e x p e r im e n ts ,  t h e  f r o g  was s tu n n e d  and c o m p le te ly  
p i t h e d .  Some were s tu n n e d  and t h e  b r a i n  o n ly  d e s t r o y e d .  The h e a r t  was 
th e n  exposed and p e r ic a rd iu m  rem oved . A g l a s s  c a n n u la  was i n s e r t e d  
i n t o  th e  l e f t  a o r t a ,  and  th e  r i g h t  a o r t a  l i g a t u r e d .  The d u c tu s  venosus  
o r  th e  v e n t r i c l e  was sn ip p e d  w i th  s c i z z o r s .  Two g l a s s  v e s s e l s  a t  a 
h e ig h t  o f  10 in c h e s  above th e  f r o g  c o n ta in e d  th e  r e s t o r a t i v e  and th e  
Hedonal s o l u t i o n  r e s p e c t i v e l y .  By ru b b e r  t u b in g  and a Y -shaped  g l a s s  
tu b e ,  they  were c o n n ec ted  w i th  t h e  g l a s s  c a n n u la  in  t h e  a o r t a .  A ru n ­
o u t  p in c h  cock was in t r o d u c e d ^ s o  t h a t  th e  ru b b e r  tu b e  c o u ld  be  em ptied  
o f  th e  p re v io u s  l i q u i d  when a change was b e in g  made a s  to  th e  p e r f u s e d  
l i q u i d .
The f ro g  was p la c e d  on a s l a n t i n g  bo a rd  c o v e re d  w i t h  z in c  and 
h a v in g  a g u t t e r ,  so t h a t  any d ro p s  from th e  v a s c u l a r  sy s tem  would be 
co n d u c ted  to  a c o n v e n ie n t  p o i n t .  The d ro p s  f e l l  on an  o b l i q u e l y  p la c e d  
d i s c  f i x e d  to  th e  lo n g  l e v e r ,  w h ich  r e c o rd e d  each  movement on t h e  
r e v o l v i n g  drum. A t im e  l i n e  i n  seconds o r  t e n t h s  o f  a second 
was /
* For co m p o s it io n  see  p .  18 ,  Vol.  I I*
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was made o n  t h e  smoked p a p e r  by th e  e le c t r o - m a g n e t i c  t im e  r e c o r d e r .
The r e a l  e x p e r im e n t  c o n s i s t e d  i n  sen d in g  th e  r e s t o r a t i v e  s o l u t i o n  
i n t o  t h e  a o r t a  f i r s t  t o  g e t  th e  n o rm al c o n d i t i o n  o f  o u t p u t ,  and th e n  
p e r f u s in g  the  Hedonal s o l u t i o n .  T h is  was done s e v e r a l  t im e s  i n  each
e x p e r im e n t .  The m ark in g s  on  th e  t r a c i n g s  made by  th e  f a l l i n g  d ro p s
were co u n te d  i n  a c e r t a i n  p e r io d  o f  t im e  and compared -  t h e  no rm al 
w i th  the  Hedonal e f f e c t  -  so t h a t  th e  p e r c e n ta g e  was o b t a i n a b l e .
The fo l lo w in g  a re  th e  a c t u a l  e x p e r im e n ts
F ig u r e s  1 ,  2 and  3 show t h e  e f f e c t  o f  Hedonal on th e  w a l l s  o f
th e  a r t e r i o l e s  o f  the  f r o g ,  th e  s t r e n g t h  o f  th e  s o l u t i o n  i n  each  c a se  
be in g  *4%. Two o f  th e  e x p e r im e n ts  were w i th  th e  p i t h e d  an im a l  and 
one u n p i th e d .  In  a l l  t h r e e ,  t h e r e  i s  an a p p e a ra n c e  l i k e  p u l s a t i o n s  
o r  r e s p i r a t i o n  waves w h ich  h a s  been  cau sed  by  t h e  p o s i t i o n  o f  th e  
d i s c  m e n tio n ed . The d ro p s  d id  n o t  f a l l  o f f  a t  once s e p a r a t e l y  
b u t  accum ula ted  u n t i l  s e v e r a l  f e l l  t o g e t h e r .  I n  e ac h  c a s e  a  v a so ­
c o n s t r i c t o r  e f f e c t  i s  s e e n  from th e  H edonal.
FIGURE I .
I n  F i g . l . th e  d ro ps  h a v e  b een  c o u n te d  and t h e  p e r c e n ta g e  e s t i m a t e d .  
As l i n e  2 and l i n e  3 were b o th  H ed o n a l,  th e  c a l c u l a t i o n  h as  been  made 
on th e  l a s t  f o u r  l i n e s ,  w h ich  a re  a l t e r n a t e l y  S a l in e  and  H edonal.
L ine S o l u t i o n
p e r f u s e d .
Number 
o f  d r o p s .
1 S a l in e 62
2 Hedonal 62
3 Hedonal 46
4 S a l in e 57
5 H edonal 44
6 S a l in e 50
The d ro p s  were c o u n te d  i n  p e r io d s  o f  30 s e c o n d s .  H edonal h a s  
cau sed  a l o s s  i n  o u t p u t  o f  15% and i s  t h u s  a  v a s o - c o n s t r i c t o r .
25 .
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FIGURE I I .
In  F ig u r e  2 th e  v a s o - c o n s t r i c t o r  e f f e c t  o f  H edonal i s  e q u a l t o  a 
d im in ish ed  o u tp u t from  th e  a r t e r i o l e s  o f  13%. % e c a l c u l a t i o n  was 
made on th e  f i r s t  f o u r  l i n e s  and upon p e r io d s  o f  SO s e c o n d s . The 
d e t a i l s  a re  t a b u la t e d ; -
L in e . S o lu t io n
p e r f u s e d .
Number 
o f  d r o p s .
1 S a l in e 622 H edonal 55
3 S a lin e 73
4 H edonal 62
5 S a l in e 65
FIGURE I I I .
The output from  th e  a r t e r i o l e s  i n  t h i s  c a s e  h a s  b een  d im in ish e d  
by 16% due to  H ed on a l.
The in t e r v a l  ch o sen  f o r  th e  e s t im a t io n  w as 23 s e c o n d s .
L in e . S o lu t io n
p e r fu s e d .
Number 
o f  d r o p s .
1 S a l in e 83
2 H edonal 65
3 S a l in e 92
4 H edonal 82
27.
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The f o l lo w in g  e ig h t  ex p er im e n ts  were c a r r ie d  o u t w ith " S h eer in g to n "  
s o lu t io n  f o r  th e  r e s t o r a t i v e  and a l s o  f o r  th e  d r u g -so lv e n t*  V aso­
c o n s t r i c t i o n  i s  th e  r e s u l t  i n  each*
FIGURE IV,
In  t h i s  ex p er im en t th e  f r o g  was n o t p ith e d ;  i t  was s tu n n ed  and th e
head rem oved b eh in d  th e  e y e s .  There are  s e e n  th r e e  l i n e s  and a tim e
l i n e  i n  th e  t r a c in g *  The t r a c i n g s  a l l  rea d  from l e f t  t o  r ig h t*
" S h err in g to n "  s o lu t io n  has b een  ru n n in g  a t  th e  b e g in n in g  o f  e a ch  l in e *
The fu r th e r  d e t a i l s  a r e  a s f o l l o w s : -
1 . H edonal* .4 ^  i n  " S h e r r in g to n " ,
2* " S h errin gton " *
3 f  H edonal *4^*
4* " S h errin gton " *
5 .  H edonal *4^*
6* " S h errin gton *
The c a l c u l a t i o n  o f  th e  p e r c e n ta g e  o f  l o s s  in  o u tp u t  h as b e e n  made 
upon p e r io d s  o f  52 s e c o n d s .
L ine* S o lu t io n
p e r fu se d *
Drops in  
32 seco n d s*
1 " S h err in g to n " 22
H edonal 16
" S h errin gton " 22
2 H edonal 12
" S h errin g to n " 11
3 H edonal 11
" S h err in g to n " 17
The l o s s  i n  o u tp u t  due t o  v a s o - c o n s t r i c t i o n  b y  H edonal was i n  t h i s  
ex p er im en t 2 9 ^ . ( c a lc u la t e d  on th e f i r s t  th r e e  c o u p le s ) .
29
FIGURE V.
Here th e r e  I s  shown in  F ig u re  V a pronounced v a s o - c o n s t r i c t i o n  e f f e c t ,  
when u s in g  a weak s o lu t io n  o f  H ed on al.
The t im e  l i n e  i s  i n  s e c o n d s . Each o f  th e  o th e r  t h r e e  l i n e s  b e g in s
w ith  " S h err in g to n "  b e in g  p e r fu s e d .  The fr o g  was u n p ith e d .
1# H edonal -  1 i n  1000 o f  " S h err in g to n " .
2 ,  " S h e rr in g to n " .
3 ,  H edonal -  1 in  10 0 0 ,
4 ,  " S h e rr in g to n " ,
5 , H edonal, 1 i n  1 0 0 0 ,
6 ,  " S h e rr in g to n " .
L in e , S o lu t io n
p e r fu s e d .
Number o f  d ro p s  
i n  34  s e c o n d s .
1 "S h errin gton '.’ 3311 H edonal 1611 "S h err in g to n " 70
2 H edonal 49If "S h err in g to n " 102
3 H edonal 7711 "S h e r r in g t  on" 96
The c a l c u l a t i o n  h a s  b een  made on  th e  f i r s t  s i x  e s t im a t io n s  o f  th e  
d ro p s. The l o s s  due t o  v a s o - c o n s t r i c t i o n  by H edonal i s  5 0 ^ *
FIGURE V I.
The t r a c in g  in  F ig u r e  6 was ta k en  from  th e  same f r o g  as F ig u r e  5 .
A w eaker s o l u t i o n  i s  u se d  in  t h i s  c a s e  (1  in  2 0 0 0 ) .  The p e r fu s io n s  have  
b een  numbered 7 to  1 1 ,a s  b e in g  c o n tin u o u s  w ith  F ig u r e  V, The f r o g  was 
u n p ith e d , th e  tim e l i n e  b e in g  in  s e c o n d s . The numbers a re  e x p la in e d  b e lo w <
7 ,  H ed on al-1  in  2000 o f  "S h e e r in g to n " ,
8 ,  " S h err in g to n " .
9 ,  H ed on a l, 1 i n  2 0 0 0 ,
1 0 , " S h e r r in g to n " .
1 1 , H ed on a l.
L in e , S o lu t io n
p e r fu s e d .
Number o f  d ro p s  
in  28 s e c o n d s .
1 " S h errin g to n " 65If H edonal -  1 in  2000 45
2 " S h err in g to n " 4 8If H ed on al, 32II " S h errin gton " 33
3 H ed on al. ! 11
" S h errin gton "  | 14 1
3 0 .
F igure  V I I .
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The c a l c u l a t i o n  i n  fo re g o in g  T ab le  h a s  b e e n  made upon  th e  f i r s t  s ix  
e s t im a t io n s .  The lo s s  due to  H edonal i s  5 9 ^ .
FIGURE V I I ,
In  t h i s  e x p e rim e n t th e  f r o g  was u n p i th e d ,  th e  cereb rum  o n ly  b e in g  
d e s t r o y e d .  T here  a r e  f o u r  l i n e s  and a  tim e  l i n e .  The d e t a i l s  a r e  w r i t t e n  
i n  th e  t r a c i n g .  The s o l u t io n  o f  H edonal was 1 i n  1000 .
X in e . S o lu t io n
p e r f u s e d .
D rops i n  p e r io d s  
o f  18 s e c o n d s .
1 " S h e r r in g to n " 18II H edonal 17
2 " S h e r r in g to n " 39
H edonal 35
3 " S h e r r in g to n 50II H edonal 35
4 " S h e r r in g to n " 48II H edonal 45
The l o s s  i n  o u tp u t due to  H edonal i s  14^ .
FIGURE V I I I .
F ig u re  V II I  shows th e  v a s o - c o n s t r i c t i o n  e f f e c t  w i th  a s t r o n g  s o l u t i o n  
o f  H edonal -  .4%, F o u r l i n e s  and a tim e  l i n e  a r e  s e e n .
L in e . S o lu t io n  
_ p e r f u s e d .
D rops in  p e r io d s  
o f  30 se c o n d s .
1 " S h e r r in g to n " 12
I I H edonal 10
2 " S h e r r in g to n " 12
3 H edonal 10
4 " S h e r r in g to n " 13
f t H edonal 10
The l o s s  i n  o u tp u t  i n  F ig u re  V I I I  i s  1 8 ^ .
/
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The n e x t thpe?e f i g u r e s  a r e  ta k e n  from  an  e x p e rim e n t w ith  th e  same 
f ro g  and a re  c o n s e c u t i v e T h e  H edonal u sed  i s  i n  d i f f e r e n t  s t r e n g t h s .
FIGURE IX .
The H edonal s o lu t io n  i n  F ig u re  IX was 1 i n  1000 o f  " S h e r r in g to n " .  
T here a r e  two l i n e s  and a  tim e  l i n e .
L in e .
S o lu t io n
p e r f u s e d .
D rops i n  p e r io d s  o f  
27 s e c o n d s .
1 . " S h e r r in g to n " 34
I t H edonal 28
2 " S h e r r in g to n " 38
I t H edonal 34
3 " S h e r r in g to n " 40
The lo s s  due to  H edonal c a l c u l a t e d  from  th e  f i r s t  two c o u p le s  i s  1 3 ^ .
FIGURE X.
The H edonal s o l u t io n  i n  F ig u re  X was one i n  2 0 0 0 . T here  a r e  two 
l i n e s  and  a tim e  l i n e .
L in e . S o lu t io n
p e r f u s e d .
Drops i n  p e r io d s  
o f  17 s e c o n d s .
1 " S h e r r in g to n " 46ft H edonal 44
2 " S h e r r in g to n " 46II H edonal 40
H edonal h as  d im in is h e d  th e  o u tp u t  b y  8 .6 ^ .
5 4 .
!^gure X I.
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FIGURE X I.
In  F ig u re  XI th e  H edonal s o lu t io n , u se d  was d i s s o lv e d  in  " S h e r r in g to n "  
a s  b e fo r e .  The s t r e n g t h  in  t h i s  case  was 1 i n  250 ( . 4 ^ ) .  T here  a r e  th r e e  
l i n e s  and a tim e  l i n e .
L in e .
S o lu t io n
p e r f u s e d .
h ro p s  i n  p e r io d s  
o f  16 s e c o n d s .
1 " S h e r r in g to n " 34If H edonal 30
2 " S h e r r in g to n " 44tt H edonal 40
3 " S h e r r in g to n " 50II H edonal 42
The lo s s  i n  o u tp u t i s  1 2 ^ .
The n e x t s i x  t r a c in g s  show ing v a s o - c o n s t r i c t i o n  have  b e e n  c h o sen  from
e x p e rim e n ts  w here "R in g er"  s o lu t io n  v/as th e  d r u g - s o lv e n t  and  a l s o  th e  
r e s t o r a t i v e .  Two w ere o b ta in e d  when a s t ro n g  s o l u t io n  ( .4 ^ )  was u s e d ,  
and fo u r  when a weak s o lu t io n  ( .075)0 was u s e d .
FIGURE X I I .
In  F ig u re  X II  th e r e  a r e  f o u r  l i n e s  and a tim e  l i n e .
T h is  e x p e rim e n t i s  i n t e r e s t i n g ,  i n  t h a t  a l a r g e  num ber o f  p e r f u s io n s  
have b e en  made, th e  H edonal a lw ays h a v in g  a c te d  a s  a v a so —c o n s t r i c t o r ,
and th e  "R in g er"  a lw ays a s  a r e s t o r a t i v e .  The fn o g  was n o t  p i t h e d .
The H edonal s o l u t io n  was one in  250 ( . 4 ^ ) .
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Figure X III,
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F ig u re  XIV.
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L in e . S o lu t io n
p e rfu s e d ,
1 " R in g e r"
tt H edonal
1 "R in g e r"
2 H edonal
tt "R in g er"
tt H edonal
3 "R in g e r"
tt H edonal
tt "R in g e r"
4 H edonal
ft "R in g e r"
D rops i n  p e r io d s  o f  
30 se c o n d s .
38
32
38 
31
39 
26 
34 
21 
34 
23 
34
The lo s s  i n  o u tp u t  due to  H edonal and  c a l c u l a t e d  on  th e  f i r s t  f i v e  c o u p le s  
i s  27#.
FIGURE X I I I .
I n  F ig u re  X I I I ,  th e  s o l u t io n  o f  H edonal was 1 i n  250 ( . 4 # ) ,  and th e  
f r o g  was u n p i th e d .  T here  were n in e  d i f f e r e n t  p e r f u s io n s .  In  t h i s  
e x p erim e n t th e  f i r s t  d o se  o f  H edonal showed in c r e a s e d  o u tp u t  from  th e  
a r t e r i o l e s .  The e x p la n a t io n  i s  t h a t  i t  was r e a l l y  a ”R in g e r"  e f f e c t  
w hich  was s t i l l  in c r e a s in g  and th e  f l u i d  h a d  n o t been  f u l l y  ru n  o f f .
L in e . S o lu t io n  
p e r f u s e d .
Drops i n  p e r io d s  
o f  40 s e c o n d s .
1 "R in g er" 37ft H edonal 48ft "R in g e r" 50tt H edonal 43
2 "R in g er" 53It H edonal 48If "R in g e r" 50tt H edonal 20
3 " R in g er" 45
The l o s s  i n  o u tp u t  due t o  H edonal and c a l c u l a t e d  upon  th e  f i r s t  f o u r  
c o u p le s ,  i s  1 6 # .
3 8 .
FIGURE XIV.
In  F ig u re  XIV a weak s o lu t io n  (.o 7 5 # ) was u s e d ,  th e  f r o g  was p i th e d  
and  th e  e f f e c t  was a  m arked o n e .
L in e .
S o lu t io n
p e r f u s e d .
h ro p s  i n  p e r io d s  
o f  44 se c o n d s .
1 " R in g er" 35If H edonal 23tf "R in g er" 27II H edonal 20
2 " R in g er" 27II H edonal 21II "R in g e r" 29
The l o s s  in  o u tp u t  due t o  H edonal and c a l c u l a t e d  on th e  f i r s t  t h r e e  
c o u p le s ,  i s  28# .
FIGURE XV.
In  F ig u re  XV th e  f r o g  was p i t h e d .  A weak H edonal s o l u t io n  was u se d  ( .0 7 5 # )
L in e .
S o lu t io n
p e r f u s e d .
D rops i n  p e r io d s  
o f  28 s e c o n d s .
1 "R in g e r" 59
tt H edonal 53
II "R in g e r" 60
2 H edonal 47
The l o s s  i n  o u tp u t i s  15# .
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F igu re  XVI.
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FIGURE XVI.
F ig u re  XVI shows f o u r  l i n e s  i n  th e  t r a c i n g  and a l s o  a tim e  l i n e .  The 
Hedonal s o lu t io n  was .0 7 5 #  i n  " R in g e r" ,  and th e  an im al was u n p i th e d .
L in e .
S o lu t io n
p e r f u s e d .
Drops i n  p e r io d s  
o f  58 s e c o n d s .
1 "R in g e r" 37
tt H edonal 36
2 "R in g e r" 4 0
ti H edonal 38
4 "R in g e r" 4 2
L  " H edonal , 36
The lo s s  i n  o u t -p u t  due to  H edonal i s  7 .5 # .
FIGURE X V II.
In  F ig u re  XVII,; th e  f r o g  v/as u n p i th e d  an d  th e  H edonal s o l u t io n  was .075##  
The ap p ea ran ce  l i k e  t h a t  o f  r e s p i r a t i o n  and p u l s e  w aves i s  v e ry  m ark ed .
The e x p la n a t io n  h a s  b e en  a l r e a d y  g ig e n .  ( s e e  p a g e 24.)
L in e .
S o lu t io n
p e r f u s e d .
D rops i n  p e r io d s  
o f  26 se c o n d s .
1 "R in g e r" 67w H edonal 57
2 "R in g e r" 67II H edonal 60
3 "R in g e r" 70II H edonal 61
The l o s s  in  o u tp u t  due to  H edonal i s  12##
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F igu re  XVIII.
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Two t r a c in g s  a r e  p ro d u ced  h e re  i n  w h ich  H edonal showed no e f f e c t  a t  a l l .  
They were ta k e n  from  th e  same f r o g ,  th e  an im a l f i r s t  h a v in g  b e e n  p i t h e d .
In  F ig u re  X V III th e  H edonal was .4 # ,  and  i n  F ig u re  XIX i t  was .0 7 5 # . In  
b o th  c a se s  th e  d ru g  s o lv e n t  add  th e  r e s t o r a t i v e  was " R in g e r" .
In  o p p o s i t io n  to  a l l  th e  fo re g o in g  r e s u l t s  t h e r e  i s  now p ro d u ced  
F ig u re  XX, w hich  shows H edonal t o  have  b e e n  a  v a s o - d i l a t o r . I t  was a 
p ronounced  e f f e c t .  The c o n d i t io n s  o f  th e  e x p e r im e n t ,  h o w ev er, sh o u ld  
be n o te d . The H edonal ( .4 # )  was d i s s o lv e d  i n  d i s t i l l e d  w a te r ,  w h ich  i s  
n o t i s o t o n ic  w ith  th e  b lo o d . The c o n t r o l  s o l u t i o n  o r r e s t o r a t i v e  
d i f f e r e d  from  th e  d r u g - s o lv e n t .  I t  was .7 5 #  n o rm al S a l in e .  These 
f a c t s  a re  Im p o r ta n t i n  so f a r  a s  th e y  m ig h t e x p la in  how an  e n t i r e l y  
d i f f e r e n t  r e s u l t  c o u ld  be re c o rd e d  by  d i f f e r e n t  e x p e r im e n te r s .
4 3 .
F igure  XX.
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FIGURE XX.
In  th e  t r a c i n g .  F ig u re .X X , e v e ry  d o se  o f S a l in e  h a s  d im in is h e d  th e  o u tp u t ,
th e  o u tp u t ,
and e v e ry  d o se  o f  H edonal h a s  in c r e a s e d  t k ,  a lw ays show ing v a s o - d i l a t a t i o n .
T h e  c a l c u l a t i o n  h a s  b e e n  made on th e  l a s t  f o u r  l i n e s ,  a s  e ac h  l i n e  r e p r e s e n t s  
o n ly  one s o l u t i o n  and o c c u p ie s  a p p ro x im a te ly  two m in u te s .
L in e .
S o lu t io n
p e r f u s e d .
Drops i n  p e r io d s  
o f  120 s e c o n d s .
3 S a l in e  .7 5 # . 7
4 H edonal .4 #
i n  d i s t i l l e d  w a te r .  10
5 S a l i n e . 6
6 H edonal 9
The in c r e a s e  i n  a u tp u t  i s  t h e r e f o r e  4 6 # .3
FIGURE XXI.
This l a s t  t r a c in g  h a s  b een  shown f o r  s i m i l a r  r e a s o n s  to  th o s e  o f  th e  
p reced in g  o n e . I t  shows v a s o - d i l a t a t i o n  b y H ed o n a l. T here  a r e  two
l in e s  in  th e  t r a c i n g ,  and two t im e  l i n e s ,o n e  i n  se co n d s  and one I n  t e n t h s  
o f a second . The f r o g  was p i t h e d .  The fo l lo w in g  c o n d i t io n s  a l s o  
r e q u ir e  to  be n o te d .
1 .  The s o lv e n t  o f  t h e  d ru g  was norm al S a l in e .
2 .  The r e s t o r a t i v e  was " F ro g ’ s R in g e r" .
3 .  The e f f e c t  o f H edonal d id  n o t  show f o r  24 se c o n d s
a f t e r  th e  p e r f u s io n  o f  H edonal was s t a r t e d .
The e f f e c t  o f  H edonal was a  v e ry  m arked  e f f e c t .
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SECTION X.
NERVE Ex c it a b il it y .
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4 6 .
NERVE EXCITABILITY.
(F ro g ’ s S c i a t i c ) .
Ten e x p e r im e n ts  show ing
(1) P a r t i a l  p a r a l y s i s  o f  th e  n e rv e  due to  H edonal l o c a l l y
a p p l i e d .
(2) R e s to r a t io n  o f th e  p a r t i a l l y  p a r a ly s e d  n e rv e ,  by a
b a th  o f  R in g e r ’s s o l u t i o n .
(3) Hedonal e f f e c t  on  th e  n e rv e ,  p roduced  a  se co n d  t im e , i . e . ,
a f t e r  r e s t o r a t i o n  h a d  f i r s t  b e en  o b ta in e d  by " R in g e r " .
(4) The c a l c u l a t e d  in c r e a s e  i n  th e  l a te n c y  p e r io d  due to
H ed o n al.
•oOO’
47,
The r e s u l t s  o f  E x p e r im e n ts ; -
The g e n e r a l  e f f e c t  o f  H edonal o n  th e  s c i a t i c  n e rv e  o f  th e  f r o g  h a s  
alw ays b e en  t h a t  o f  d im in ish e d  e x c i t a b i l i t y ;  i n  some c a s e s  su ch  a s  
i s  se e n  in  F ig u r e s  1 and  2 ,  im m ersion  o f  th e  n erv e  f o r  1 m in u te  i n  
,5 7 #  H edonal s to p p ed  a l l  r e sp o n se  t o  th e  e l e c t r i c  c u r r e n t  i n  u s e .
In  F ig u r e s  3 and 4 ,  a secon d  m in u te  in  th e  H e ^ n a l  b a th  a b o l is h e d  
re sp o n se  to  th e  c u r r e n t : i n  F ig u re  5 r e sp o n se  c e a se d  a f t e r  th e
t h i r d  d o s e .
A gain  i t  h a s  been  found  th a t  a  p a r t i a l l y  p a r a ly s e d  s c i a t i c  n e r v e  
o r one w hich  h a s shown no re s p o n s e  a t  a l l  t o  th e  c u r r e n t  u s e d  a f t e r  
H edonal t r e a tm e n t ,  may h ave i t s  e x c i t a b i l i t y  v e r y  much r e s t o r e d  by
p la c in g  i t  i n  a b a th  o f  F r o g ’ s " R in g e r" .  T h is  i s  w e l l  d em o n stra ted  
i n  F ig u r e s  6 , 9 and  1 0 # . In  F ig u r e  9 a f t e r  r e s t o r a t i o n  th e  H edonal 
e f f e c t  was p ro d u ced  a second  t im e .
In  th e  l a s t  two t r a c i n g s ,  v i z .  F ig u r e s  7 and  8 b o th  "make" and  
"b rea k "  c o n t r a c t io n s  a re  shown.
I n  F ig u re  8 ,  th e  H edonal e f f e c t  i s  v e r y  g ra d u a l  and  i s  e x c e p t io n a l
i n  t h i s  w ay. To the  g e n e r a l  s ta te m e n t r e g a r d in g  d im in is h e d
e x c i t a b i l i t y  due to  H edonal th e  fo l lo w in g  m ust be  ad d ed .
I n  a few  c a s e s  th e  v e r y  f i r s t  d o se  o f  H edonal t o  th e  n e r v e ,  
p roduced  when i t  was e l e c t r i c a l l y  s t im u la te d ,  a  h ig h e r  c u rv e ,  o r  g r e a t e r  
e x c i t a b i l i t y  th a n  th e  p re v io u s  n o rm a l. E v ery  su b se q u e n t a p p l i c a t i o n
o f th e  d ru g , how ever, a lw ays r a p id ly  d im in is h e d  th e  e x c i t a b i l i t y  u n t i l ,
in d e e d , no re s p o n s e  w h a te v e r  was o b ta in e d .  T h is  i n i t i a l  i n c r e a s e  
in  e x c i ta b i& i ty  may b e  s e e n  i n  F ig u re s  7 and 8#
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The e x p la n a t io n  o f  th e  p rim a ry  in c r e a s e d  e x c i t a b i l i t y  h a s  n o t  b e e n  
e x a c tly  d e te rm in e d . I t  may b e  t h a t  th e  n e rv e  when s t im u la te d  a f t e r  
th e  Hedonal b a th ,  i n  some c a s e s  was more e x c i t a b l e  a t  f i r s t  from  th e  
in c re a se d  m o is tu r e ,  a p a r t  from  th e  d ru g  a l t o g e t h e r ,  and when th e  d ru g  
had n o t had  tim e  t o  a f f e c t  i t .  L a te r  on  th e  r e a l  e f f e c t  was a  d ru g  
e f f e c t  r a t h e r  t h a n  m o is tu r e .  A p a rt from  t h i s  s u g g e s t io n ,  we may r e c a l l  
the f a c t  t h a t  i n  some o th e r  s e c t i o n s ,  t h e r e  h a s  b een  a  s i m i l a r  e a r l y  
ev idence  o f  i n c r e a s e d  f u n c t i o n ,  f o r  ex am p le , t h e  e f f e c t  o f  H edonal on 
th e  h e a r t  o f  th e  f ro g  show ing a p r im a ry  s t i m u l a t i o n  -  th e  c a r d ia c  
r a t e  u s u a l l y  b e in g  in c r e a s e d  a t  f i r s t .
A gain  we have se e n  t h a t  th e  r e d u c t io n  i n  b lo o d  p r e s s u r e  i n  th e  
r a b b i t  and  dog due to  H edonal was n e a r ly  a lw ay s p re c e d e d  by  an  i n i t i a l  
i n c r e a s e .  Our t h r e e - f o l d  e x p e r ie n c e  may th e n  be due to  th e  same 
c a u s e .
I t  h a s  a lw ay s b e e n  fo u n d , t h a t  th e  H edonal s o l u t i o n  a p p l i e d  t o  
th e  n e r v e ,  in c r e a s e d  th e  latency p e rio d . T h is  h a s  b e en
c a l c u l a t e d  i n  f o u r  c a s e s ,  th e  i n c r e a s e  v a ry in g  from  50# t o  75# ( s e e  
F ig u re s  3 ,  4 ,  5 and 6 .)
The M ethod a d o p te d  i n  th e s e  E x p erim e n ta
The e x c i t a b i l i t y  o f  th e  f r o g ’ s s c i a t i c  n e rv e  w as t e s t e d  i n  th e  
u s u a l  way. A n e rv e -m u sc le  p r e p a r a t i o n  was m ounted on  th e  f r o g - b o a r d .  
The g a s tro c n e m iu s  a t  one  end was a t t a c h e d  t o  a  th r e a d  le a d in g  t o  th e  
s h o r t  arm o f th e  m yograph l e v e r .  The lo n g  arm o f  th e  l e v e r  was 
s u i t a b l y  p o in te d  t o  t a k e  a  t r a c i n g  on th e  r e v o lv in g  drum .
A Du B ois-R eym ond’ s in d u c to r lu m  was u se d  f o r  s t i m u l a t i n g  th e  n e r v e .
The se c o n d a ry  c o i l  h ad  a  m easure  i n  c e n t im e te r s  p la c e d  a lo n g  i t s  
s i d e ,  so t h a t  th e  c u r r e n t  c o u ld  be  a c c u r a t e l y  m e a su re d .
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The two w i r e  t e r m in a l s  from  th e  se co n d a ry  c o i l  w ere p la c e d  u n d e r  
th e  c e n t r a l  p a r t  o f  th e  s c i a t i c  n e rv e .  The e l e c t r i c  c u r r e h t  was 
th e n  t e s t e d  e x p e r im e n ta l ly  by g iv in g  shocks to  th e  m u sc le  th ro u g h  th e  
n e rv e ,  u n t i l  th e  "make" was o b l i t e r a t e d  and a m axim al "b r e  ale" sh o ck  
was o b ta in e d .  A norm al cu rv e  was th e n  t r a c e d  w ith o u t  H edonal.
■A seco n d  o r  even  t h i r d  n o rm al cu rv e  was made w i th  an  i n t e r v a l  o f  one 
m in u te  to  se e  w hat n a .tu ra l  change m ig h t ta k e  p l a c e .  The n e rv e  was 
th e n  p la c e d  i n  a sm a ll b a th  made o f  p a r a f f i n  wax -  a b o u t 1 in c h  lo n g  and
c o n ta in in g  H edonal s o l u t i o n  (#37#) i n  n o rm al s a l i n e .  The e f f e c t  was
■Rested w ith  1 m in u te  i n t e r v a l s ,  th e  same c u r r e n t  b e in g  u se d  
th ro u g h o u t th e  w hole e x p e r im e n t , w i th  th e  e x c e p t io n  o f  F ig u re  10 w here 
th e  c u r r e n t  was in c r e a s e d .
In  a l l  th e  e x p e r im e n ts  i n  t h i s  s e c t i o n ,  th e  lo n g  arm o f th e  l e v e r
m easu red  170 m i l l im e te r s ;  th e r e  was no w e ig h t su sp en d e d . The w eak es t 
c u r r e n t  u se d  was w ith  th e  se co n d a ry  c o i l  s t a n d in g  a t  38 c e n t im e te r s  and 
th e  s t r o n g e s t  a t  10 c e n t im e te r s .
The p o s i t i o n  o f  e le c t r o d e  d u r in g  s t i m u l a t i o n  i s  s e e n  b e lo w .
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F ig u re  I .
In  t h i s  e x p e rim e n t th e  n e rv e  f a i l e d  to  resp o n d  t o  e l e c t r i c  
s t im u la t io n  a f t e r  1 dose  o f  H edonal f o r  1 m in u te . The m axim al 
"b re a k "  shock  was o b ta in e d  a t  3 4 ,5  c e n t im e te r s .
Curve 1 , N orm al, H e igh t 28 m.m.
Curve 2 ,  N orm al, H e ig h t 19,ra,ra. -  ta k e n  a f t e r  an
i n t e r v a l  o f  1 m in u te .
Curve 3 ,  S t im u la t io n  was a t te m p te d  a f t e r  th e  n e rv e
had  b e e n  1 m in u te  i n  th e  H edonal b a th .
No r e s p o n s e .
F ig u re  I I .
I n  F ig u re  I I ,  th e  n e rv e  h as f a i l e d  t o  re s p o n d  a f t e r  im m ersion  
f o r  1 m in u te  i n  th e  ^ e d o n a l b a th  a s  i n  F ig u re  I ,
Two no rm al c u rv e s  w ere f i r s t  t r a c e d .  The n e rv e  a f t e r  f a l l i n g
t o  re s p o n d  was p la c e d  i n  a b a th  o f  " R in g e r" ;  i n  t h i s  c a se  no
r e s t o r a t i o n  to o k  p la c e .
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F igu re  I I I .
F ig u re  I I I  shows f a i l u r e  o f  th e  n e rv e  to  re sp o n d  to  e l e c t r i c  
c u rre n t a f t e r  th e  seco n d  dose  o f  H ed o n a l. The H edonel h a s  
d i s t i n c t l y  in c r e a s e d  the  l a t e n c y  p e r io d .
A no rm al l a t e n c y  p e i 'lo d  was fo u n d  t o  be  (C urve  2) 2% / lO O th s  o f  a 
seco n d . V/ith one dose  o f  H edonal, i t  became 4 /lO O th s  o f  a  se c o n d , o r  an  
in c r e a s e  to o k  pla ce from *023 second  to  .040 se c o n d . The r e a l  i n c r e a s e  
i s  = .0 1 7  o f  a second  o r  73%.
The m axim al shock  was o b ta in e d  w i th  th e  c o i l  s t a n d in g  a t  36 c e n t im e te r s .
Curve 1 .  Noimel c u i'v e . H e ig h t 27 m.m.
L atency  p e r io d  2 /1 0 O ths o f  a second  ( .0 2  s e c .)  .
Curve 2 .  H o r m a l . Taken 1 m in u te  l a t e r .  H e ig h t 26 m.m.
L a ten cy  p e r io d  2% lO O ths o f  a second  ( .0 2 3  s e c . ) .
Curve 3 .  Hedonal c u rv e . H e ig h t 14 m.m. -  a  l o s s  o f  46%.
L aten cy  p e r io d  4 /1 0 O ths o f  a  second  ( .0 4  s e c . ) .
The i n c r e a s e  in  t h e  l a t e n c y  p e r io d  i s  .0 1 7  se co n d  o r  73%, 
Curve 4 .  T h is  was a tte m p te d  a f t e r  a n o th e r  m in u te  in  H edonal.
T here  was no r e s p o n s e .  A ” Ringer** b a th  v/as th e n  
u se d . No r e s t o r a t i o n .
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F ig u re  IV .
T here  a r e  two norm al cu rv es  i n  F ig u re  4 , w h ich  occupy  p r a c t i c a l l y  
th e  same p o s i t i o n ,  b u t w h ich  w ere ta k e n  w i th  an  i n t e r v a l  o f  one m inu te , 
The f i r s t  H edonal dose  p ro d u ced  a d e f i n i t e  e f f e c t .  W ith  th e  second  
d ose  no r e s p o n s e  r e s u l t e d ,  th e  same c u r r e n t  b e in g  u s e d .
The l a t e n c y  p e r io d  was in c r e a s e d  by th e  f i r s t  d o se  o f  H edonal 
by 75%.
C urves 1 and 2 ,  N orm al. H e igh t 25  m.m.
L aten cy  p e r io d  2 /1 0 0 th s  o f  a second  i n  
each  ( .0 2  s e c . ) .
Curve 3 . H edonal e f f e c t .  H eigh t 19 m.m, -  a l o s s
o f  24%.
L a ten cy  p e r io d  3 - |/ l0 0 th s  o f  a second  o r 
.035  se co n d . T h is  e q u a ls  an  in c r e a s e  
o f  .015 se co n d , o r  75%.
Curve 4 . H edonal e f f e c t .  No r e s p o n s e .
I n  t h i s  c a se  "R in g e r"  f a i l e d  to  r e s t o r e  
e x c i t a b i l i t y .
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FIGURE V.
I n  F ig u re  V two norm al c u rv e s  a r e  shown and  th r e e  f o r  Hedonal*
The t h i r d  dose  o f  Hedonal showed f a i l u r e  to  r e s p o n d .
The la t e n c y  p e r io d  a s  c a l c u l a t e d  i n  Curve 3 ( f i r s t  d o se  o f  H edonal) 
and  com pared w i th  th e  p re c e d in g  no rm al c u rv e  showed an  in c r e a s e  o f  50%. 
The seco n d ary  c o i l  s to o d  a t  3 0 .5  c e n t im e te r s .
Curve 1 . N orm al. H e ig h t 48 m.m.
Curve 2 , N orm al. Taken a f t e r  a n o th e r  m in u te . H e ig h t 44 m.m.
L a ten cy  p e r io d  2 /1 0 0 th s  o f  a second  o r  .02 se co n d .
Curve 3 . Hedonal c u rv e . Taken a f t e r  th e  n e rv e  w as one m in u te  i n  
H edonal. H e igh t 36 m.m. -  a  l o s s  o f  8 m.m.
L atency  p e r io d  3 /1 0 0 th s  o f  a second  o r  .03 seco n d .
T h is  p e r io d  has b een  in c r e a s e d  by 50%.
Curve 4 . Taken a f t e r  th e  n e rv e  was a n o th e r  m in u te  in  H edonal.
H e ig h t 26 m.m.
L a ten c y  p e r io d  3 ^  rd /1 0 0  th s  o f  a  second  o r  .033 second . 
Curve 5 . T h is  a t te m p t m et w i th  no r e s p o n s e .
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FIGURE V I.
T h is  f i g u r e  i s  p rodu ced  to  show th e  power o f  " R in g e r  to  r e s t o r e  
t h e  e x c i t a b i l i t y  o f  t h e  f r o g ' s  s c i a t i c  n e r v e ,  a f t e r  i t  had been  
p a r t i a l l y  p a r a ly s e d  by H edonal, so t h a t  i t  had  f a i l e d  to  re sp o n d  to  
t h e  e l e c t r i c  c u r r e n t  fo r m e r ly  a p p l i e d .  The "R in g er"  cu rv e  r o s e  
h ig h e r  th a n  th e  Hedonal c u rv e ,  v i z . ,  a h e ig h t  o f  37 m.m.
The f i r s t  dose  o f  Hedonal i n c r e a s e d  t h e  l a t e n c y  p e r io d  by 50%. 
The s e c o n d a ry  c o i l  s to o d  a t  38 c .m .
Curve 1 . Normal. H e ig h t  40 m.m.
Curve 2 .  N orm al. H e igh t 45 m.m. Taken a f t e r  one m in u te ;  i t  i s
h ig h e r  t h a n  th e  fo rm er one . The l a t e n c y  p e r i o d  was 
3 /1 0 0 t h s  o f  a second o r  .03 se c o n d .
Curve 3 .  Hedonal c u r v e .  H e ig h t 34 m.m. -  a l o s s  o f  11 m.m. o r
24%. The l a t e n c y  p e r i o d  viras 4 - | / l 0 0 t h s  o f  a  second  o r  
.045 s e c . .  T h is  i s  an i n c r e a s e  o f  50%.
Curve 4 .  Hedonal e f f e c t .  No r e s p o n s e .
Curve 5 . "R in g e r"  c u rv e .  R e s t o r a t i o n  e f f e c t .  H e ig h t  37 m .m ..
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FIGURE V I I .
To p r e v e n t  m in g l in g  o f  s e v e r a l  c u r v e s ,  th e  drum i n  F ig u re  V II  
was s t a t i o n a r y ,  so t h a t  e ac h  c o n t r a c t i o n  o f  t h e  l e v e r  on s t i m u l a t i o n  
t r a c e d  a l i n e  s e p a r a t e d  from  a l l  o t h e r s . B o th  a  "make"and a  " b re a k "  
c o n t r a c t i o n  was r e c o r d e d ,  so t h a t  i n  t h e  t r a c i n g ^ c o u p l e t s  a re  s e e n  
i n  e a c h  c a s e .  The c u r r e n t  was u se d  when th e  se co n d a ry  c o i l  s to o d  
a t  22 c .m # .
The f i r s t  f o u r  c o u p l e t s ,  a , b , c , d ,  a r e  no rm al c u rv e s  t a k e n  
a t  1 m in u te  i n t e r v a l s .
C o u p le ts  1 ,  2 ,  3 ,  4 ,  a r e  H edonal c u rv e s  t a k e n  e v e ry  m in u te .
I n  c o u p le t  d ,  (norm al) th e  "make" curve  i s  29 m.m. h ig h  and th e  
" b re a k "  30 m .m ..
I n  c o u p le t  1 , (Hedonal) th e  "make" i s  32 m.m. and th e  "b rea k "  i s  30 m.m. 
The i n c r e a s e d  h e i g h t  o f  th e  c u rv e s  i n  t h i s  c o u p le t  h a s  b e e n  e x p la in e d  on 
page 48.
C p u p le ts  2 a M  3 b o th  show f a i l u r e  t o  re sp o n d  t o  th e  " b re a k "  sh ock .
C o u p le t  4 shows no  re s p o n se  w h a te v e r .
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FIGURE V I I I .
As i n  F ig u r e  V II t h e  dmm i n  t h i s  c a se  h a s  been  s t a t i o n a r y .
% ake" ahd " b re a k "  c o n t r a c t i o n s  a r e  r e c o rd e d  i n  c o u p l e t s .  The 
s e c o n d a ry  c o i l  s to o d  a t  35 c .m . .  I n  t h i s  e x p e r im e n t  t h e r e  was 
u n u s u a l  r e s i s t a n c e  t o  th e  e f f e c t  o f  H edonal;  th e  r e s u l t  h a s  b e en  
v e r y  g r a d u a l .
In  c o u p le t  2 , w h ich  i s  a n o rm al o n e ,  th e  "make" c o n t r a c t i o n  i s
31 m .m ,, and th e  "b re a k "  '37 m .m ..
In  c o u p le t  3 ( f i r s t  Hedonal o n e ) ,  t h e  "make" c o n t r a c t i o n  i s
38 m .m ., and th e  "b re a k "  c o n t r a c t i o n  37 m .m .. T h is  i s  a c t u a l l y  an
i n c r e a s e  o v e r  th e  fo rm e r  norm al c o u p l e t .
In  c o u p le t  4 ,  t h e  "make" i s  v e ry  much re d u c e d ,  and q u i t e  a b s e n t  i n  
a l l  th e  su c c e e d in g  c o u p l e t s ,  u n t i l  i n  c o u p le t  14 no re s p o n s e  t o  e i t h e r  
shock  i s  o b t a i n e d .
FIGURE IX .
I n  F ig u re  IX th e  "make" and " b re a k "  shock  e f f e c t s  a r e  p ro d u ced  i n  ■ 
d u p l i c a t e ,  th e  drum b e in g  s t a t i o n a r y .
T here  i s  se en  a p ro fo u n d  e f f e c t  from  im m ersion  o f  th e  f r o g ' s  s c i a t i c  
i n  Hedonal .37% f o r  30 s e c o n d s .  When th e  n e rv e  a t  l a s t  f a i l e d  t o  
re sp o n d  t o  th e  e l e c t r i c  c u r r e n t ,  im m ersion  i n  "R in g e r"  began  to  r e s t o r e  
t h e  e x c i t a b i l i t y .  The c u rv e s  i n  C o u p le t  f  a r e  f u l l y  as h i g h  a s  th e  f i r s t  
no rm al o n e s .
T re a tm e n t  b y  H edonal a g a in  c u t  down th e s e  r e s t o r e d  c u rv e s  as  se en  a t  g .
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FIGURE X.
F ig u re  X i s  p rod uced  to  show r e s t o r a t i o n  o f  e x c i t a b i l i t y  i n  th e  
s c i a t i c  n e rv e  by  "R in g e r"  a f t e r  l o s s  o f  e x c i t a b i l i t y  due t o  im m ersion  
i n  H edonal,
The c u r r e n t  f i r s t  u se d  was v /ith  th e  se co n d a ry  c o i l  s t a n d in g  a t  
35 c ,m # »
W ithout m ea su r in g  th e  h e i g h t  o f  th e  c u r v e s ,  t h e  r e s u l t s  may be 
r e a d i l y  u n d e r s to o d .
Curve 1 . T h is  was a norm al one t a k e n  w i t h  th e  c o i l  a t  35 c .m . .  The
n e tv e  was t h e n  immersed i n  H edonal .37% f o r  one m inu te  and
th e n  s t i m u l a t e d  v / i th  th e  same c u r r e n t  a s  ab o v e . No 
re s p o n se  to o k  p l a c e .  The c u r r e n t  was th e n  i n c r e a s e d  to  
30 c .m . and th e  n e rv e  was s t i m u l a t e d .
Curve 2 .  T h is  c u rv e  shows th e  r e s u l t .  T h is  H edonal cu rv e  i s  much
red u c ed  a s  compared w i th  th e  n o rm al c u rv e  1 ,  and y e t  th e  
c u r r e n t  i s  much s t r o n g e r .  The n e rv e  was th e n  imm ersed 
f o r  2 m in u te s  i n  "R in g e r"  and th e  same c u r r e n t  r e p e a t e d  
(30 c .m .)
Curve 3 .  T h is  cu rv e  shows g r e a t  r e s t o r a t i o n .  \
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SECTION X I .
CONDUCTIVITY OF NERVE AS SEEN IN 
THE FROG'S SCIATIC.
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C o n d u c t iv i ty  o f  N e rv e •
The f r o g ' s  g a s t ro c n e m iu s  w i th  th e  s c i a t i c  n e rv e  a t t a c h e d  were 
p r e p a r e d  and p l a c e d  on the  f r o g - h o a r d .  The m uscle  was th e n  a t t a c h e d  
t o  the  s h o r t  a m  o f  t h e  l e v e r , t h e  lo n g  arm b e in g  d i r e c t e d  t o  t h e  
smoked drum s u r f a c e . An i n d u c t i o n  c o i l  was u sed  to  g iv e  t h e
e l e c t r i c  s t i m u l a t i o n s ,  a m ercury  key  b e in g  in t r o d u c e d  i n t o  t h e  c i r c u i t .
I n  f i v e  o f  th e  t r a c i n g s  th e  drum rem ained  s t a t i o n a r y  when many 
s t i m u l a t i o n s  were made. In  t h e s e  f i v e  b o th  "make" and "b re a k "  shocks 
w ere  r e c o r d e d ;  i n  t h e  o t h e r  f o u r  e x p e r im e n ts  th e  drum was r e v o lv in g  
f a s t .
The method a d o p te d
The s m a l l  b i - p o l a r  e l e c t r o d e  was p l a c e d  u n d e r  th e  s c i a t i c  n e r v e ,  a s  
n e a r  i t s . s p i n a l  a t ta c h m e n t  as p o s s i b l e .  The n e rv e  was th e n  s t i m u l a t e d  
e l e c t r i c a l l y  a t  e q u a l  i n t e r v a l s  (-|- t o  1 m inu te )  w i t h  a m easured  c u r r e n t  
w hich  was u s e d  a l l  th ro u g h  th e  e x p e r im e n t .  I n  t h i s  way s e v e r a l  norm al 
c u rv e s  were t r a c e d  to  show, a p a r t  from  f u r t h e r  t r e a tm e n t  o f  th e  n e rv e ,  
w hat n a t u r a l  change m ig h t  b e  e x p e c te d  in  i t s  r e s p o n s e .
The c e n t r a l  p o r t i o n  o f  th e  n e rv e  was th e n  a llov /ed  t o  f a l l  i n t o  a 
s m a l l  b a th  made o f  p a r a f f i n  wax and c o n ta in i n g  H edonal s o l u t i o n  which 
i n  some c a s e s  was .37% and i n  o t h e r s  .75% i n  norm al s a l i n e .  In  some o f  
th e  e x p e r im e n ts  th e  n e rv e  was a l lo w e d  t o  rem a in  immersed f o r  30 seconds and i n  
o t h e r s  60 s e c o n d s .  A f t e r  eac h  im m ersion  i n  Hedonal th e  n e rv ô  was 
s t i m u l a t e d  e l e c t r i c a l l y  a s  a r u l e  u n t i l  no r e s p o n s e  was o b t a i n e d .  The 
e l e c t r o d e  was th e n  p l a c e d  b e n e a th  the  d i s t a l  e x t r e m i t y  o f  t h e  n e rv e  and 
s t i m u l a t i o n  a g a in  c a r r i e d  o u t .
The e x p e r im e n ts  a l l  show d im in is h e d  c o n d u c t i v i t y  and f i n a l l y  no 
c o n d u c t i v i t y  a t  a l l  o f  th e  n e rv e  im p u lse  w i th  th e  c u r r e n t  u s e d  when th e  
c e n t r a l  p o r t i o n  was t r e a t e d  w i th  H edonal,
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In  t h e  p r e s e n t  s e r i e s  o f  e x p e r im e n ts ,  t h e  method chosen  f o r  s t i m u l a t i o n  
o f  th e  Nerve u n d e r  d i f f e r e n t  c o n d i t i o n s ,  i s  shown d ia g r a m m a t ic a l ly  b e lo w :-
1 . iL
[ 3
O Normal s t i m u l a t i o n .
P a r t  immersed i n  Hedonal
3 . S t i m u la t i o n  a f t e r  Hedonal
S t im u la t io n  a t  th e  d i s t a l  end#
FIGURE 1 .
In  F ig u re  I  th e  drum was s t a t i o n a r y .  B o th  "make" and " b re a k "  
c o n t r a c t i o n s  w ere  r e c o r d e d .  T h is  ex p e r im e n t  shows a v e r y  s t r i k i n g  
r e s u l t .  There  a r e  t h r e e  norm al c o u p l e t s ;  t h e  l a s t  one f o r  com p ariso n  
m ea su r in g  48 m.m. and 50 m.m. f o r  t h e  "make" and " b re a k "  shocks 
r e s p e c t i v e l y .  Then 4 H edonal c o u p le t s  a r e  s e e n .  The f i r s t  o f  t h e s e  
(4) m easu res  o n ly  9 m.m. add 7 m .m ., so t h a t  a f t e r  t h e  c e n t r e  o f  th e  
n e r v e  had been  immersed i n  Hedonal .3 7 ^  f o r  30 s e c o n d s ,  th e  "make" 
and "b rea k "  c o n t r a c t i o n s  l o s t  r e s p e c t i v e l y  81^ and 86 ^ . The
f o u r t h  Hedonal dose  (7) i s  fo l lo w e d  by no r e s p o n s e  t o  t h e  e l e c t r i c  
c u r r e n t  u s e d .  The n e rv e  was t h e n  s t i m u l a t e d  a t  th e  d i s t a l  e x t r e m i t y  
and t h e r e  was t r a c e d  a norm al c o u p le t  (8) 46 m.m. h i g h .
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FIGURE I I .
In  F ig u re  I I  t h e  e l e c t r i c  s t i m u l a t i o n s  were a p p l i e d  e v e ry  m in u te .
A maximal "b re a k "  shock  was o b t a i n e d  w i th  t h e  se co n d a ry  c o i l  a t  
33 c .m . and th e  drum was r e v o lv in g  f a s t .
The f i r s t  dose  o f  H edonal p rod uced  m arked l o s s  i n  c o n d u c t i v i t y  (Curve 2 ) .  
The t h i r d  d o se  (4) s to p p e d  a l l  r e s p o n s e .  Curve 5 was t r a c e d  when s t i m u l a t e  
in g  a t  the  d i s t a l  e x t r e m i t y  o f  t h e  n e rv e .  Here a g a i n  t h e r e  i s  a norm al 
c u rv e  r i s i n g  e x a c t l y  t o  th e  h e i g h t  o f  Curve 1 ,  w hich  was t a k e n  a t  th e  
p ro x im a l  e x t r e m i t y  b e f o r e  t r e a t m e n t .  I t  i s  a l s o  i n t e r e s t i n g  t o  n o t i c e  
t h a t  th e  la tehcy  ' p e r i o d  \ ' ' i n  Curve 5 w as , a s  we sh o u ld  e x p e c t ,
l e s s  th a n  Curve 1 .
FIGURE I I I .
I n  F ig u re  I I I  th e  n o rm al c u rv e s  1 and 2 a r e  o f  th e  same h e i g h t .
The f i r s t  H edonal cu rve  (3) has  f a l l e n  o n ly  1 m .m .. E ach  Hedonal 
cu rv e  th e n  shows marked d im in u t io n  i n  th e  c o n d u c t i v i t y  u n t i l  S u rv e  7 
w h ich  shows no r e s p o n s e .  S t i m u la t i o n  a t  t h e  d i s t a l  e x t r e m i t y  o f  th e  
n e rv e  th e n  shows a h ig h  cu rv e  (8) .
I n  t h i s  ex p erim en t th e  m axim al " b re a k "  shockcwas o b ta in e d  a t  37*5 c .m , .  
A r e v o lv in g  drum was employed#
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FIGURE IV.
The drum was s t a t i o n a r y  i n  t h i s  e x p e r im e n t ,  so  t h a t  b o th  "make" and 
" b re a k "  shocks were r e c o r d e d .  T hree  norm al c o u p le t s  a r e  shovm. In  th e  
l a s t  one (c) t h e  "make" m easured  58 m.m. and th e  " b re a k "  60 m .m .. The 
f i r s t  t h r e e  H edonal c o u p le t s  a r e  e ac h  d im in is h e d  i n  h e i g h t  a  few m i l l i m e t e r s .  
In  th e  f o u r t h  Hedonal c p u p le t  (g) th e  "make" had  n o t  shown any c o n t r a c t i o n .  
A t(h )n o  r e s p o n s e  was s e e n  t o  e l e c t r i c  s t i m u l a t i o n .  The s t i m u l a t i o n  a t  
t h e  d i s t a l  e x t r e m i ty  showed o n ly  t h e  " b re a k "  sho ck ; b u t  i t  was g r e a t l y  
r e s t o r e d .
FIGURE V.
I n  F ig u r e  V th e  c o u p le t s  h a v e  b een  t r a c e d  e v e ry  h a l f  m in u te ,  th e  
Hedonal s o l u t i o n  b e in g  .7 5 ^ .  The drum was s t a t i o n a r y .
I n  l o o k in g  a t  th e  t r a c i n g  t h e  g e n e r a l  e f f e c t  i s  seen  a t  a g l a n c e .
The t r e a tm e n t  o f  th e  c e n t r e  o f  t h e  n e rv e  w i t h  Hedonal h a s  c a u se d  th e  
c u rv e s  3 ,  4 ,  5 ,  6 ,  t o  be  r e g u l a r l y  and d e f i n i t e l y  c u t  down. Ho re s p o n se  
h a s  b e en  o b t a i n e d  f o r  c o u p le t  7 .  The e f f e c t  o f  th e  d ru g  h a s  b e e n  
s i m i l a r  i n  b o th  th e  "make" and " b r e a k " c u r v e s .
When th e  d i s t a l  e x t r e m i t y  was s t i m u l a t e d ,  t h e  " b re a k "  c u rv e  w hich  i s  
shovm was q u i t e  norrtia l, b u t  th e  "make" i s  a b s e n t .  T h is  p a r t  o f  th e  
n e rv e  h a s  n o t ,  o f  c o u r s e ,  been  u n d e r  th e  i n f l u e n c e  o f  H edonal.
The a c t u a l  m easurem ents  a r e  se en  b e lo w .
C o u p le t . "Make” "^Break" Loss i n  h e ig L t  
o f  c u r v e .
"make" " b re a k "
Normal 1 67 m.m. 66 m.m.tf 2 67 miim. 66 m.m.
Hedonal 3 59 m.m. 58 m.m. 8 8tt 4 54 m.m. 53 m.m. 5 5tf 5 45 m.m. 43 m.m. 9 10ff 6 35 m.m. 34 m.m. 10 9ft 7 0 0 35 34
C o u p le t  8 r e p r e s e n t s  s t i m u l a t i o n  a t  t h e  d i s t a l  e x t r e m i ty  o f  th e  n e r v e ,  
and ta k e n  a f t e r  C o u p le t  7 .  I t  shows r e s p o n s e  f o r  t h e  "b rea k "  sho ck , w h ich  
i s  p ro b a b ly  q u i t e  n o rm a l ,  t h i s  p a r t  of t h e  n e rv e  n o t  h a v in g  b e e n  t r e a t e d  
by H edonal.
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FIGURE V I.
F ig u r e  VI i s  v e ry  s i m i l a r  to  F ig u r e  V, th e  c u rv e  o f  t h e  "make" c o n t r a c t i o n  
i n  th e  n o rm al c o u p l e t s ,  how ever ,  i s  s h o r t e r  t h a n  th e  " b r e a k " .  A r e g u l a r  
Hedonal e f f e c t  i s  s e e n ,  u n t i l  no  re s p o n se  i s  o b t a in e d  when s t i m u l a t i n g  
a t  th e  p ro x im a l  e x t r e m i t y .  The c o u p le t  12 shov/s no rm al r e s p o n se  a t  t h e  
d i s t a l  e x t r e m i t y ,  t h i s  p a r t  o f  th e  n e rv e  b e in g  u n a f f e c t e d  b y  th e  d r u g .
N o te : -
I t  i s  seen  i n  F ig u r e s  5 and  6 t h a t  th e  c u rv e s  f a l l  belov/ t h e  a b s c i s s a  
l i n e .  These c u rv e s  have s t a r t e d  a t  th e  moment o f  s t i m u l a t i o n  on 
th e  a b s c i s s a .  What f a l l s  belovf i s  t h e  r e c o i l ,  a s  can  a l s o  be 
s e e n  when exam in ing  t h e  c u rv e s  t a k e n  w i th  a r e v o lv in g  drum i n s t e a d  
o f  a s t a t i o n a r y  o n e , a s  was t i e  c a se  i n  F ig u r e s  1 ,  IV, V, VI and V I I I .
FIGURE V I I .
In  F ig u re  V I I ,  a r e v o lv in g  drum h a s  been  u s e d .  The c u rv e s  have  been  
t r a c e d  e v e ry  h a l f  m in u te ,  th e  H edonal s o l u t i o n  b e in g  . 5 7 ^ . .  The maximal 
"b re a k "  shock was o b ta in e d  w i th  th e  se co n d a ry  c o i l  a t  3 3 .5  c . m . .
I t  may be n o t i c e d  t h a t  th e  f i r s t  cu rve  (3) ta k e n  a f t e r  t r e a tm e n t  
by  H edonal and s t i m u l a t i o n  b e in g  a t  th e  p ro x im a l  e x t r e m i t y ,  h a s  a c t u a l l y  
exceed ed  th e  h e i g h t  o f  th e  n o m a l  c u rv e s  w h ich  were t a k e n  b e f o r e  Hedonal 
was u s e d  a t  a l l . ^  T h is  r e s u l t  h a s  o c c a s i o n a l l y  b een  s e e n  a s  a f i r s t  
e f f e c t  a f t e r  H ed o n a l,  more e s p e c i a l l y  i f  th e  H edonal im m ersion  was v e ry  
s h o r t  -  a  m in u te y .  a s  i n  t h i s  c a s e .  A l l  t h e  l a t e r  c u rv e s  r e g u l a r l y  show 
the  Hedonal e f f e c t  by r e d u c t i o n  i n  h e i g h t ,  more th a n  norm al c u rv e s  would 
show i n  th e  same t im e ,  and t h i s  e q u a l l y  a p p l i e s  t o  a l l  t h e  e x p e r im e n ts .
Curve 3a th e n  shov/s a c o n s i d e r a b l e  f a l l  and no  re s p o n se  i s  o b t a in e d  f o r  
Curve 4 .  S t i m u la t i o n  a t  t h e  d i s t a l  e x t r e m i t y  showed a no rm al r e s p o n s e .
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FIGURE V I I I .
I n  F ig u re  V I I I  t h e  drum was s t a t i o n a r y ,  "make" and "b rea k "  c u rv e s  
b e in g  shown.
T h is  t r a c i n g  i s  p r o d u c e d ,  a s  I t  shov/s t h i s  p a r t i c u l a r  s c i a t i c  
n e rv e  t o  have  s t r o n g l y  r e s i s t e d  th e  a c t i o n  o f  H edonal, c o n t r a r y  t o  th e  
u s u a l  e x p e r i e n c e .  The c o n d u c t i v i t y  o f  the  n e rv e  h a s  b e e n  c e r t a i n l y  
a f f e c t e d ,  hov/ever, i n  t h a t  the  "make" cu rve  h a s  d i s a p p e a r e d  e n t i r e l y  
and  h a s  made i t s  a p p e a ra n c e  a g a in  when th e  d i s t a l  ( u n t r e a t e d )  e x t r e m i t y  
was s t i m u l a t e d .  The H edonal s o l u t i o n  c h o sen  was th e  w eak er  o n e ,  and 
th e  i n t e r v a l s  w ere  s h o r t .
FIGURE IX .
I n  F ig u re  IX th e  H edonal s o l u t i o n  was .3 7 ^  and th e  s t i m u l a t i o n s
were made a t  i n t e r v a l s  o f  one m in u te .  A m axim al "b re a k "  shock was
o b ta in e d  w i th  t h e  c o i l  a t  37 c .m .
Curve 1 .  N o m a l .  H e ig h t  37 m.m.
Curve 2 .  H edo na l .  H e ig h t  34 m.m.
Curve 3 .  H edon a l,  H e ig h t 32 m.m.
Curve 4 .  H ed ona l.  H e igh t 29 m.m.
Curve 5 .  H edo na l.  H eigh t 21 m.m.
Curve 6 .  H ed o n a l.  H e ig h t  6 m.m.
Curve 7 .  Taken a f t e r  s t i m u l a t i o n  a t  th e  d i s t a l  e x t r e m i t y .  H e igh t  40 m.m
In  t h i s  e x p e r im e n t ,  c o n d u c t io n  o f  th e  n e rv e  im p u lse  h a s  become more 
i m p o s s ib l e ,  due to  H edonal, The e f f e c t  h a s  n o t  b e en  p u sh e d  u n t i l  no 
re s p o n s e  was o b ta in e d ,  t o  p r e v e n t  m in g l in g  o f  c u rv e s .
The d i s t a l  e x t r e m i ty  when s t i m u l a t e d  ( c u rv e  7) h a s  re sp o n d ed  even  
more s t r o n g l y  th a n  th e  n o rm a l  cu rv e  t a k e n  a t  th e  p ro x im a l  e x t r e m i ty  o f  
t h e  n e r v e .
The latency ' p e r io d  i s  a l s o  much l e s s  i n  Curve 7 ( d i s t a l )
t h a n  i n  Curve! 1 (norm al) , t h e  d i s t a n c e  f o r  t h e  n e rv e  im p u lse  t o  t r a v e l
l e s s .
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SECTION X I I .
EFFECT ON THE RATE OF NERVE IMPULSE 
AS SEEN IN THE FROG'S SCIATIC.
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The m ethod em ployed i n  t h e  f o l lo w in g  seven  experim en ts ,  i s  t h e  o ld  one 
o f  Von H e lm h o ltz .  The n o rm a l r a t e  was f i r s t  t a k e n ,  and t h e n  th e  n e rv e  
was immersed i n  H edonal s o l u t i o n  #37^ i n  norm al S a l in e  and  t h e  t e s t  made 
a g a in  im m e d ia te ly ,  t h e  r a t e  b e in g  c a l c u l a t e d  a s  d e t a i l e d  b e lo w .
In  t h e  f o l lo w in g  e x p e r im e n t  i t  may be n o te d  t h a t  t h e  r a t e  o f  t h e  
n e rv e  im p u lse  a f t e r  t r e a tm e n t  o f  th e  n e rv e  by H edonal h a s  b e e n  
c a l c u l a t e d  a f t e r  o n ly  one d o s e .  As may be s e e n  i n  o t h e r  s e c t i o n s  on 
t h i s  s u b j e c t ,  th e  i n i t i a l  d o se  o f  H edonal h a s  som etim es p ro d u c e d  a  c u rv e  
h i g h e r  t h a n  th e  no rm al o n e ,  a l th o u g h  u s u a l l y  a lo w e r  c u rv e ;  so t h a t  i n  
th e  p r e s e n t  c ase  i f  the  c a l c u l a t i o n  had  been  made a f t e r  l o n g e r  o r  
su b se q u e n t  p e r io d s  o f  im m e rs io n ,  t h e  e f f e c t  would have  b e en  g r e a t e r  i n  
t h e  same d i r e c t i o n .
The m ethod i n  d e t a i l : -
The f r o g ’ s g a s t ro c n e m iu s  w i th  th e  s c i a t i c  n e rv e  a t t a c h e d ,  was p r e p a r e d  
and p l a c e d  on the  f r o g  b o a rd .  The m u sc le  te n d o n  was th e n  a t t a c h e d  t o  th e  
s h o r t  arm o f  th e  myograph l e v e r .  The lo n g  arm h ad  a s t y l e t  a t  i t s  
e x t r e m i ty  w hich  re a c h e d  th e  f a s t - r e v o l v i n g  drum. A Du Bois-Reymond 
In d u c to r iu m  was u s e d  f o r  t h e  c u r r e n t , a n d  a m ercu ry  com m utator was 
i n t r o d u c e d  i n t o  t h e  secondaxty c i r c u i t . No v /e igh t was su sp en d ed  on th e  
lo n g  arm o f  the  l e v e r .  By t e s t i n g  w i t h  th e  e l e c t r i c  c u r r e n t  a  s i n g l e  
m ax im al"b reak "  shock was o b ta in e d ,a n d  th e  p o s i t i o n  o f  t h e  se c o n d a ry  
c o i l  was t h e n  r e t a i n e d  th ro u g h o u t  t h e  e x p e r im e n t .
An e l e c t r o d e  was p l a c e d  u n d e r  e a c h  end o f  t h e  n e r v e  so t h a t  by 
means o f  t h e  com m utator e i t h e r  end c o u ld  be  s t i m u l a t e d  w i th o u t  ch an g in g  
th e  p o s i t i o n  o f  t h e  e l e c t r o d e .  One end o f  th e  n e rv e  was e l e c t r i c a l l y  
s t i m u l a t e d ,  a  c u rv e  o b t a i n e d  and th e  moment o f  s t i m u l a t i o n  m arked .
Then th e  o t h e r  end was s t i m u l a t e d .  The d i s t a n c e  be tw een  th e  s t a r t i n g  
p p i n t s  o f  b o th  c u rv e s  on th e  a b s c i s s a  l i n e  was m easured  i n  m i l l i m e t e r s .
The/
7 8 .
asThe c a l c u l a t i o n  was t h e n  made f o r  t h e  norm al r a t e  o f  n e rv e  im pu lse  
i t  was found  i n  t h i s  n e r v e .  A d iag ram  o f  th e  e l e c t r i c  a rra n g em e n t i s  h e re  
shown page 76.
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I n  F ig u re  1 t h e  l e n g t h  o f  th e  n e rv e  was 40 m.m. The t im e  r e c o r d  
showed n o tc h e s  e a c h  m e a su r in g  4 m.m. and r e p r e s e n t i n g  l / lO O th  o f  a se co n d . 
The se c o n d a ry  c o i l  s to o d  a t  1 3 .5  m.m.
C a l c u l a t i o n  o f  th e  norm al r a t e : -
D is t a n c e  from  moment o f  s t i m u l a t i o n  t o  
s t a r t  o f  c u rv e  1 (p ro x im a l  end)
D is ta n c e  from  moment o f  s t i m u l a t i o n  
t o  s t a r t  o f  c u rv e  2 ( d i s t a l  end)
5 m.m.
D i f f e r e n c e  
2 .5  m.m.
2 .5  m.m.
The m easurem ent 2 .5  m.m. r e p r e s e n t s  t h e  t im e  o c c u p ie d  i n  t r a n s m i s s i o n  
o f  t h e  n e rv e  im p u l s e .  The f u r t h e r  e s t i m a t i o n  i s  shovm below  b y  th e  
e q u a t i o n a l  m e th o d .
X m.m.
%  m.m.
2 .5  m.m. 
’~ T ”s e c .
1 /lO O th  sec  
4 m.m. = 6400 m.m. p e r  second
o r  6 .400  m e t e r s .
C a l c u l a t i o n  o f  th e  r a t e  a f t e r  t r e a tm e n t  b y  ^ e d o n a l : -
7 m.m. 
' 3 .5  m.m.
D is ta n c e  from  moment o f  s t i m u l a t i o n  t o  t h e  
s t a r t  o f  Curve 3 (p ro x im a l  end)
D is ta n c e  from moment o f  s t i m u l a t i o n  t o  th e  
s t a r t  o f  cu rve  4 ( d i s t a l  end)
X m 
40 m
.m. I 3 .5  m.m. l / lO O th  second—r— ■ I ■ I III.». ■ ' ' ' " ■rn.mW I s e c  # 4 m.m#
D i f f e r e n c e  
3 .5  m.m.
= 4571 m.m. p e r  second o r
4 .5 7 1  m e te r s  p e r  se co n d .
There  h a s  b e e n  a d i f f e r e n c e  o f  th e  l o s s  i n  r a t e  o f  28^ .
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The n e rv e  was 50 m.m. long  i n  F ig u re  I I .  The t im e  l i n e  showed n o tc h e s
m ea su r in g  5 m.m. and r e p r e s e n t i n g  1 / 1 0 0 th  o f  a secon d .
To c a l c u l a t e  th e  n o rm al  r a t e  o f  n e rv e  im p u l s e ; -
"The lo fen c y  . p e r io d  f o r  c u rv e  1 ( d i s t a l )  = 4 m.m.
'* " f o r  cu rv e  2 (p ro x im a l)  = 8 m.m. D i f f e r e n c e  4 m.m
T h e re fo re  we have
X  m 
%  m
.m. I 4 m.m. l / lO O th  second 
.m. I I  s e e .  5' m.m. = 6250 m.m. p e r  second  o r
6 .2 5 0  m e t e r s .
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To c a l c u l a t e  th e  r a t e  a f t e r  Hedonal was a p p lied ..
L a tency  P e r io d  o f  cu rv e  3 ( d i s t a l )  — 7 m.rn.
« " " c u rv e  4 (p ro x im a l)  = 12 m.m. D i f f e r e n c e  5 m.m.
5 m.m. = r a t e  o f  n e rv e  Im p u ls e ;  b u t  e a c h  tim e wave m e a su r in g  5 m.m. 
i s  e q u a l  to  l / lO O th  o f  a se c o n d ,  t h e r e f o r e  50 m.m. ( t h e  l e n g t h  o f  th e  
ne rve )  have  been  t r a v e l l e d  i n  l / lO O th  o f  a seco nd , o r  5000 m.m. p e r  
second . ( 5  m e te r s )  . The d i f f e r e n c e  o f  th e  l o s s  i n  r a t e  i s  20%,
FIGURE I I I .
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I n  F ig u re  I I I ,  t h e  t im e  l i n e  i s  i n  waves m e a su r in g  4 m .m ., e ac h  o f  
w hich  r e p r e s e n t s  l / lO O th  o f  a se co n d . The n e r v e  b e tw ee n  t h e  p o i n t s  o f  
s t i m u l a t i o n  was 45 m.m. lo n g .
Curves 1 and  2 a r e  t h e  norm al c u rv e s  t r a c e d  when t h e  n e rv e  was 
s t i m u l a t e d  a t  th e  d i s t a l  and p ro x im a l  e x t r e m i t i e s  r e s p e c t i v e l y .
The l a t e n c y  p e r io d  f o r  cu rve  1 = 3  m.m.
" " " curve  2 = 5 m.m.
The d i f f e r e n c e  i n  t h e  p e r io d s  = 2 m.m.
The r a t e  i s  c a l c u l a t e d  below .
X m.m. 2 m.m. 1 /1 0 0 t h  a d c . = 9000 m.m. p e r  second
45 m.m. 1 s e c . 4 m.m. o r  9 m e te r s .
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A f t e r  th e  n e rv e  was immersed i n  H ed ona l,  th e  r a t e  was c a l c u l a t e d .  
L a te n t  p e r i o d  o f  c u rv e  3 = 7  m.m. 
n " " 4 = 17 m.m.
The d i f f e r e n c e  i n  t h e  p e r i o d s  = 10 m.m.
X m.m. I 10 m.m. 1 /lO O th  second  
45 m .m ^ l  s e c .  4 m.m. = 1800 m.m. p e r  second 
o r  1 .8  m e te r s .
There  h a s  b e en  a l o s s  i n  th e  r q t e  o f  n e rv e  im p u lse  e q u a l  t o  8 0 ^ . ,  due t o  
t h e  n e rv e  b e in g  imniersed i n  H edonal .3 7 ^  f o r  one m in u te .
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I n  F ig u re  IV e a c h  tim e wave m easu re s  5 m.m. and  r e p r e s e n t s  l / lO O th  o f  a  
se co n d . The Hedonal s o l u t i o n  was . 3 7 / .  The n e rv e  m easured  25 m.m.
The d i f f e r e n c e  i n  th e  l a t e n t  p e r i o d  o f  c u rv e s  1 and  2 = 8  m.m.
X m.m. i> 8 m.m. l / lQ O th  s e c o n d .
25 m.m. t s e c .  o m ’^ mT"^ = 1562 m.m. p e r  seco nd  o r
1 .562  m e t e r s .
A f t e r  th e  n e rv e  was immersed i n  Hedonal s o l u t i o n  f o r  1 m in u te  i t  was a g a in  
s t i m u l a t e d .  The d i f f e r e n c e  i n  the  l a t e n t  p e r i o d s  o f  c u rv e s  3 and  4 = 9 m.m.
X m.m. I 9 m.m. 1 /lO O th  seco n d . = 1388 m.m. p e r  secon d  
m.m. I 1 s e c .  5 m.m. ' o r  1 .3 8 8  m e te r s .
There h a s  t h e r e f o r e  been  a l o s s  i n  th e  r a t e  o f  t h e  n e rv e  im p u lse  e q u a l  to  
1 1 /  due to  t h e  n e rv e  b e in g  im m ersed i n  H edonal s o l u t i o n  . 3 7 /  fior one m in u te .
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I n  F ig u re  V each  t im e  wave m easu red  4 m.m, and r e p r e s e n t e d  1 /lO O th  se co n d .
The Hedonal s o l u t i o n  was . 3 7 / .  The n e rv e  m easured  40 m.m.
The d i f f e r e n c e  i n  th e  l a t e n t  p e r io d  o f  t h e  norm al c u rv e s  1 and 2 i s  
e q u a l  t o  1 m.m. To c a l c u l a t e  th e  n o rm a l  r a t e  o f  im p u lse  ; -
X m.m. r 1 m.m. 1 /100 t h  secon d .
4Ô m.m. I 1 s e c .  4 m.m. "" ' = 16 ,000  m.m. p er  second
o r  16 m e te r s  p e r  se c o n d .
The d i f f e r e n c e  i n  th e  l a t e n t  p e r i o d s  o f  th e  two H edonal c u rv e s  3 and 4
i s  e q u a l  t o  1 .5  m.m.
X  m.m.
40 m.m. I 1 s e c .
1 .5  m.m. 1 /1 0 0 t h  se co n d .
4 m.m. = 1 0 ,6 6 6  m.m. p e r  second
o r  1 0 .666  m e t e r s .
T h e r e fo r e  th e  n e rv e  has  shown a l o s s  o f  3 3 /  by  b e in g  im m ersed i n  Hedonal 
. 3 7 /  f o r  one m in u te .
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FIGURE VI.
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I n  F ig u re  VI t h e  n e rv e  m easured  35 m .m ., t h e  H edonal s o l u t i o n  was . 3 7 / . ,  
and e a c h  wave o f  th e  tim e  l i n e  m easu red  40 m.m. r e p r e s e n t i n g  1 /lO O th  se c o n d .  
To c a l c u l a t e  t h e i r  no rm al r a t e : -
The d i f f e r e n c e  i n  th e  r a t e s  o f the  n o rm al c u rv e s  1 and 2 i s  e q u a l  t o  3 m.m.
X  m . m . 3 m . m . 1 /1 0 0 t h  second
^5 m . m . 1 s e c . 4 m . m .  = 4666 m . m .  p e r  second
o r  4 .6 6 6  m e te r s .
To c a l c u l a t e  th e  r a t e  a f t e r  H edonal t r e a t m e n t
The d i f f e r e n c e  i n  th e  l a t e n t  p e r i o d s  o f  th e  Hedonal c u rv e s  3 and 4 e q u a l s  4 m.m.
X  m.m. 4 m.m. 1 / 100th  second
m.m. 1 s e c . 4 m.m. = 3500 m.m. per second
o r  3 . 5 .  m e t e r s .
The n e rv e  h y  im m ersion  i n  Hedonal s o l u t i o n  * 3 7 /  f o r  one m in u te  h a s  l o s t  
2 4 .9 /  o f  th e  r a t e  o f  n e rv e  im p u ls e .
FIGURE V II .
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I n  F ig u re  V II  t h e  n e rv e  m easured  50 m .m ., th e  H edonal s o l u t i o n  was a g a in  
. 3 7 /  and th e  tim e  waves m easu red  3 .5  m.m. e a c h . ,  r e p r e s e n t i n g  1 /1 0 0 t h  secon d . 
To c a l c u l a t e  th e  n o rm a l r a t e  o f  n e rv e  im p u ls e : -
The d i f f e r e n c e  i n  th e  l a t e n t  p e r io d  o f  th e  two no rm al c u rv e s  1 and 2 = 2 m.m.
.m. 1 / 10 0 th  s e c o n d .
scT 3 .5  m.m.
X  m . m .  I 2  m  
5 Ô  m . m .  1 1  s e c ^ = 8750 m.m. p e r  second  
o r  8.75Ô m e t e r s .
To c a l c u l a t e  t h e  r a t e  a f t e r  t r e a tm e n t  b y  h e d o n a l ; -
The d i f f e r e n c e  i n  t h e  l a t e n t  p e r io d s  o f  th e  H edonal c u rv e s  3 and 4 = 8 m.m.
X  m . m .  1 8  m . m .  HyiOOth secon d  
So m . m . 1 1 s e c .  3 . 5  m . m i i  " = 2187 m.m. p e r  second
o r  2 .1 8 7  m e t e r s .
The n e r v e ,  a f t e r  1 m in u te  in  h e d o n a l  # 3 7 / ,  has  l o s t  i n  i t s  r a t e  o f  n e rv e  
im pu lse  7 5 / .
85.
SECTION X I I I .
EFFECT OF HEDONAL ON 
MUSCULAR CONTRACTILITY 
AS OBSERVED IN THE FROG'S GASTROCNEMIUS.
*
8 6 .
MUSCULAR CONTRACTILITY.
This h a s  been  i n v e s t i g a t e d  i n  th e  g a s t ro c n e m iu s  o f  th e  f r o g .
(a) by d i r e c t  s t i m u l a t i o n  o f  th e  m usc le  i t s e l f  by e l e c t r i c  c u r r e n t
in  norm al c o n d i t i o n s .
(b) by d i r e c t  s t i m u l a t i o n  o f  th e  m usc le  a f t e r  th e  m u sc le  had b een
t r e a t e d  by  H edonal.
( c) by i n d i r e c t  s t i m u l a t i o n ,  v i z . ,  th ro u g h  th e  s c i a t i c  n e rv e  in
th e  norm al s t a t e .
(d) by i n d i r e c t  s t i m u l a t i o n  o f  t h e  m usc le  th ro u g h  th e  n e rv e  a f t e r
t r e a t i n g  th e  m u sc le  by H edonal.
I n  t h i s  way i t  has  b een  p o s s i b l e  to  m a th e m a t i c a l ly  c a l c u l a t e ; -
1 .  The r e a l  c o n t r a c t i o n  o f  t h e  m usc le  when e l e c t r i c a l l y  s t i m u l a te d  b e fo r e
and a f t e r  t r e a tm e n t  by H edonal.
2 .  The p e rc e n ta g e  o f  c o n t r a c t i o n  b e f o r e  and a f t e r  t r e a t m e n t .
3 .  The work done i n  g ra m m e -m il l im e te rs  b o th  b e f o r e  and  a f t e r  t r e a t m e n t
o f  th e  m usc le  by H edonal.
4 .  The p e rc e n ta g e  o f  power l o s t  by t h e  m usc le  due to  t h e  e f f e c t  o f  H edonal.
5 .  R e g a rd in g  th e  m u scu la r  c o n t r a c t i o n ,  th e  e f f e c t  o f  Hedonal on t h e  d u r a t i o n
o f  th e  l a t e n t  p e r i o d .
Nine e x p e r im e n ts  a r e  shown.
FIGURE I .
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T h is  f i g u r e  shows i n  a g e n e r a l  way t h e  a c t i o n  o f  Hedonal on th e  
m u sc le .  The work done by th e  m uscle  h a s  n o t  b e en  e s t im a t e d .
A m uscle  p r e p a r a t i o n  was p la c e d  on th e  f r o g  b o a rd ,  and co n n ec ted  
th ro u g h  a l e v e r  w i t h  th e  smoked drum, w hich  i n  t h i s  c ase  was s t a t i o n a r y .  
Both "make" and " b re a k "  sh ocks  were a p p l i e d  d i r e c t l y  to  t h e  m uscle  
i t s e l f /
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I t s e l f  f w hich  l a y  a c r o s s  th e  e le c t r o d e s  from a Du B ois-R eym ond ’ s In d u c t orium .
S ix  norm al c o u p le t s  w ere f i r s t  made a t  i n t e r v a l s  o f  a m in u te , t o  show  
th e  normal amount o f  f a t ig u e  w h ich  m ig h t be e x p e c te d  a p a r t from  tr e a tm e n t .
Then fo u r  t r a c in g s  w ere made a f t e r  tr e a tm e n t o f  th e  m u sc le  f o r  
one m in u te  i n  a b a th  o f  H edonal s o l u t i o n ,  . 3 7 / .
The r e s u l t  was t h a t  th e  "make" c o n t r a c t io n  was a b se n t  from  e v e r y  c o u p le t
a f t e r  th e  tr e a tm e n t o f  th e  m u sc le  by H ed on a l. The "break" c o n t r a c t io n  was
in  each  c o u p le t  c u t  down u n t i l  th e  f o u r th  showed no r e s p o n s e .
In  th e  norm al c o u p le t s  th e r e  was n o  r e d u c t io n  se en  i n  th e  h e ig h t  o f  th e  
c u r v e s . The "make" cu rve was about 15 m il l im e t e r s  and th e  "break" 26  
m il l im e t e r s  h ig h .  Of th e  H edonal c u r v e s ,  cu rv e  g = 24 m.m. (break)
cu rv e  h  = 18  m.m. ("break") 
cu rv e  i  = 10 m.m. ("break")
The n e x t  one showed no r e s p o n s e .
Through th e  w h ole ex p er im en t th e  seco n d a ry  c o i l  s to o d  a t  10 c e n t im e te r s #  
The m u sc le  was 25 m il l im e t e r s  lo n g . The H edonal t h e r e f o r e  h a d ,a f t e r  
fo u r  d o s e s ,  s to p p ed  a l l  r e sp o n se  t o  th e  e l e c t r i c  c u r r e n t  a p p lie d #
8 8 .
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In  "this e x p e r im e n t  t h e r e  h a s  been  c a lc u la te d ,  r e s p e c t i v e l y ;  —
(a) The work done by  th e  g a s t ro c n e m iu s  e s t im a t e d  i n  g ra m m e -m i l l im e te r s .
(b) The work done a f t e r  t r e a tm e n t  by  H edonal.
( c) The a c t u a l  l o s s  o f  power o f  th e  m u sc le  i n  g ra m m e -m i l l i r a e te r s .
(d) The p e r c e n ta g e  l o s s  o f  power.
(e) The e f f e c t  on t h e  l a t e n t  p e r io d  a f t e r  e l e c t r i c  s t i m u l a t i o n .
The f o l lo w in g  a r e  th e  d e t a i l s  o f  th e  e x p e r i m e n t ; -
L e n g th  o f  th e  m usc le  50 m.m.
L e n g th  o f  th e  lo n g  arm o f  t h e  m yograph l e v e r  from 
fu lc rum  to  t i p  = 170 m i l l i m e t e r s .
L e n g th  o f  s h o r t  arm o f  l e v e r  from fu lc ru m  to  
power = 10 m i l l i m e t e r s .
D is ta n c e  from fu lc ru m  to  w e ig h t
su spended  = 2Q m i l l i m e t e r s .
W eight su sp en d e d  = 5 grammes.
C u rre n t  a p p l i e d  w i t h  th e  se co n d a ry  c o i l  s t a n d in g  a t  11 
c e n t i m e t e r s .
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The m u sc le  specim en was m ounted  a s  b e f o r e  and  a r e v o l v i n g  drum was 
u se d ,  th e  c u r r e n t  b e in g  a p p l i e d  from a Du Bois-Reymond*s in d u c to r iu m .  
Two norm al c u rv e s  and  one Hedonal c u rv e  w ere  t r a c e d .
Curve 1 . N orm al. V e r t i c a l  h e i g h t  21 m.m.
L a t e n t  p e r io d  was 3 ^ / lO O th s  o f  a secon d , 
o r  .032 se c o n d .
Curve 2 . Norm al, t a k e n  a f t e r  w a i t i n g  2 m in u te s .
H e igh t  18 m.m. -  a f a l l  o f  3 m.m.
L a t e n t  p e r i o d  3 ^ / lO O th s  o f  a second , o r
.032 second  a s  b e f o r e .
Curve 5 . Hedonal c u rv e .  T h is  was t a k e n  a f t e r  t h e  m usc le  had
b een  p l a c e d  f o r  1 m inu te  in  a sm a ll  b a t h  made o f
p a r a f f i n  wax, c o n ta in i n g  Hedonal s o l u t i o n  ( . 7 5 / ) ,  
and e l e c t r i c a l l y  s t i m u l a t e d  a s  a b o v e .
The h e i g h t  was o n ly  3 m.m. The m u sc le  had l o s t  15
m.m. i n  t h e  h e i g h t  o f  t h e  cu rv e  a s  compared w i th
c u rv e  2 = 8 3 / .
L a t e n t  p e r i o d  was 5 ^ / lO O th s ,  o r  .052 o f  a second .
T here  h a s  t h e r e f o r e  b e en  an i n c r e a s e  i n  th e  l a t e n t  p e r i o d  from one
d ose  o f  Hedona.l, o f  .020 o f  a  seco n d , o r  6 2 / .
As cu rv e  2 w i l l  be u s e d  a s  th e  no rm al one f o r  co m p a r iso n ,  i t  w i l l  
be n e c e s s a r y  f i r s t  o f  a l l  to  e s t im a t e  t h e  work done  a s  shown by t h i s  
c u rv e .
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To f i n d  t h e  a c t u a l  s h o r t e n in g  o f  th e  m u sc le ,  a d raw in g  h a s  b een  shown 
below w hich r e a d i l y  e x p l a i n s  t h e  method o f  c a l c u l a t i o n : -
5.GMS.
f  M u sc k .
When th e  m usc le  c o n t r a c t s ,  t h e  m yograph l e v e r  A. B. D. t a k e s  up th e  new 
p o s i t i o n  F. B. K . ,  and F. i s  th e  h e i g h t  o f  th e  cu rv e  t r a c e d .  T h is  i s  th e  
m a g n if ie d  c o n t r a c t i o n ;  th e  a c t u a l  c o n t r a c t i o n  i s  D.K, Two t r i a n g l e s  a r e  
se en ,  B. A. F. and B. D. K. The b a s e  F. B. i s  to  t h e  b a se  B. K. a s  
A. F, ( a p p a r e n t  c o n t r a c t i o n )  i s  to  D. K. ( a c t u a l  c o n t r a c t i o n )  . S t a t i n g  
t h e s e  f a c t s  by th e  e q u a t i o n a l  m ethod we have
170 m.m, 
18 m.m.
1 .0 5  m.m. a c t u a l  c o n t r a c t i o n ,  
p e r c e n ta g e  3 . 5 ,10 m.m.
To f i n d  th e  w e ig h t  r e a l l y  l i f t e d : -
W eight r e a l l y  l i f t e d  = w e ig h t  su sp en d ed  x  D is ta n c e  o f  w e ig h t  to  fu lc ru m
D is ta n c e  o f  power to  fu lc rum
= 5 grammes x 20 m.m. = 10 grammes.
10 m.m.
To f i n d  th e  work done by th e  m usc le  : -
Work done = w e ig h t  r e a l l y  l i f t e d  x a c t u a l  c o n t r a c t i o n .
= 10 grammes x 1 .0 5  m i l l i m e t e r s ,
-  1 0 .5  g ra m m e -m il l im e te rs .
9 1 .
The m u s c le , n o rm a lly  and im m e d ia te ly , b e f o r e  f u r t h e r  t r e a tm e n t , was 
a b le  to  do 10#5 graram e-m illim eters o f  w ork, when s t im u la t e d  b y  e l e c t r i c  
c u r re n t, th e  seco n d a ry  c o i l  s ta n d in g  a t  11 c e n t im e te r s *
E s t im a t io n  o f  th e  work done a f t e r  th e  m u sc le  was t r e a t e d  w it h  H edonal f o r
one m inute #
Curve 5 i s  now to  be c o n s id e r e d .
As b e fo r e  170 m.m* * x  = .1 7  m.m. a c t u a l  c o n t r a c t io n
5 m.m. * 10 m.m. p e r c e n ta g e  .5 6 .
The w e ig h t  l i f t e d  i s  a s  b e fo r e  = 10 gram mes.
The work done = 10 grammes x  .1 7  m.m. = 1 .7  g r a m m e -m illim e te r s .  
B e fo r e  t r e a tm e n t ,  th e  m u sc le  d id  1 0 .5  g r a m m e -m illim e te r s .
A f t e r  1 m in u te  i n  H edonal s o l u t i o n ,  i t  d id  o n ly  1 .7  g r a m m e -m illim ete r s .
The p e r c e n ta g e  o f  l o o s  o f  pow er t o  do work i s  e q u a l t o  8 3 .
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A m u sc le  p r e p a r a t i o n  was p u t  i n  p o s i t i o n  and c o n n e c te d  w i t h  t h e  
r e v o l v i n g  drum by th e  l e v e r .  The m u sc le  was d i r e c t l y  s t i m u l a t e d  by 
th e  e l e c t r i c  c u r r e n t . . I n  t h i s  e x p e r im e n t ,  a l l  t h e  d e t a i l s ,  i n c l u d ­
in g  l e n g t h  o f  m usc le  and c u r r e n t  u s e d ,  were t h e  same a s  in  F ig u re  I I .  
The c u rv e s  d raw n , how ever, were a t  2 m in u te  i n t e r v a l s  t h r o u g h o u t .
The s t r e n g t h  o f  th e  Hedonal b a t h  was .37  p e r  c e n t .
The m u sc le  t r e a t e d  showed g r e a t e r  c o n t r a c t i l i t y ,  a s  w i l l  be  
seen  by the  h e i g h t  o f  c u rv e  when s t i m u l a t e d .  I t  showed more a b i l i t y  
to  r e s i s t  th e  a p p l i c a t i o n  o f  th e  H edon a l.
The l a t e n t  p e r io d  by  th e  f i r s t  d o se  was n o t  so much i n c r e a s e d  
a s  i n  F ig u re  I I ,  -  p r a c t i c a l l y  n o t  a f f e c t e d ,  a l t h o u g h  i n  l a t e r  d o s e s  
th e  i n c r e a s e  was s e e n .
The t r a c i n g  i s  seen  belov/.
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b e f o r e
In  t h i s  F ig u r e  th e  c o n d it io n s  were th e  same a s  d e s c r ib e d ^ r e g a r d in g  
the a p p a r a tu s .
The m u sc le  was 30 m i l l i - m e t e r s  lo n g .  A r e v o lv in g  drum was u s e d .  The 
c u r r e n t  a p p lie d  was from  a m axim al "break" sh ock  w ith  th e  seco n d a ry  c o i l  
s ta n d in g  a t  17 c e n t i - m e t e r s ,  and was a p p lie d  d i r e c t l y  t o  th e  m u s c le .  A s o lu t io n  
o f H edonal ( .7 5 ^  in  S a l in e )  was em ployed in  w h ich  to  im m erse th e  m u sc le .
F iv e  c u r v e s  were t r a c e d .  The f i r s t  two w ere n o rm a l. The c a l c u la t io n s  
have b een  made w ith  reg a rd  t o  th e  l a s t  fo u r  c u r v e s .
Curve 1 . N orm al. H eig h t 28  m.m.
Curve 2 . N orm al. H eigh t 27 m.m. I t  h a s  f a l l e n  o n ly  1 m.m. and
was ta k e n  a f t e r  tw o m in u te s .
Curve 3 .  H edonal c u r v e , -  Taken a f t e r  one m in u te i n  H edonal ( . 7 5 ^ .
H eigh t 24 m.m. I t  has f a l l e n  3 m.m.
Curve 4 .  H edonal c u r v e . Taken a f t e r  1 m in u te more in  H edonal
s o lu t i o n .  H eig h t 18 m.m.
Curve 5 .  H edonal c u r v e . Taken a f t e r  a n o th e r  m in u te  i n  H edonal
s o l u t i o n .  H e ig h t 10 m.m.
In  t h i s  ex p er im en t^ th e  work done b y  th e  m u sc le  b e fo r e  and a f t e r  tre a tm e n t  
has b een  c a l c u la t e d ,  so  t h a t  th e  t o t a l  e f f e c t  o f  th e  t h r e e  d o se s  o f  H edonal
has b een  a c c u r a t e ly  m easu red .
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Cu:^e 2 # To f in d  th e  a c tu a l  s h o r te n in g .
170 m.m. . X 
2V m.m. * ITT"m.m. = 1 .5  m.m. a c tu a l  sh o rten in g .
P e r c e n ta g e  o f  s h o r te n in g  = 5 .
The r e a l  w e ig h t  l i f t e d  = 10 grammes.
Work done = 10 grammes x  1 .5  m i l l im e t e r s  = 15 g r a m m e -m illim e te r s .
Curve 5 .
170 m.m. I X
24 m.m. # 1Ô m.m. = 1 .4  m.m. a c t u a l  s h o r te n in g .
P e r ce n ta g e  o f  id io r te n in g  = 4 . 6 .
Work done = 10 grammes x  1 .4  m.m. = 14 g r a m m e -m illim e te r s .
Curve 4 .
170 m.m. I X
IS m.m.# 15"m.m. = 1 .0  m.m. a c tu a l  sh o r te n in g .
P e rc e n ta g e  o f  s h o r te n in g  = 5 . 5 .
Work done = 10 grammes x  1 m.m. = 10 g r a m m e -m illim e te r s .
Curve 5 .
170m.m. • X
10 m.m. I lb  m.m. = .5  m.m. a c t u a l  c o n t r a c t io n .
P e r c e n ta g e  o f  c o n t r a c t io n  = 1 . 6 .
Work done = 10 grammes x  .5  m.m. = 5 g r a m m e -m illim e te r s .
The m u sc le  h a s  l o s t  w ork ing pow er e q u a l t o  66% by im m ersion  i n  H edonal 
(•75%) f o r  3 m in u te s .
'IGURE V.
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F ig u re  V shows s i x  c u rv e s ,  t h r e e  b e in g  norm al and  t a k e n  a t  i n t e r v a l s  
o f  two m in u te s ,  to  show w hat d im in u t io n  in  t h e  h e ig h t  o f  th e  c u r v e ,  would 
o c cu r  n a t u r a l l y .  The l a s t  t h r e e  c u rv e s  have b een  t r a c e d  a f t e r  t h e  m usc le  
had b e e n  im m ersed i n  a b a t h  o f  Hedonal ( .75 % )• These have b een  ta k e n  
a t  i n t e r v a l s  o f  one m in u te .  The m usc le  was 25 m i l l i m e t e r s  i n  l e n g t h .
I t  was s t i m u l a t e d  d i r e c t l y  by an e l e c t r i c  c u r r e n t ,  w i t h  th e  se c o n d a ry  
c o i l  s t a n d in g  a t  1 8 .5  c . m . .  A r e v o l v i n g  drum was u s e d .  The o t h e r  
m easurem ents  in  t h e  a p p a r a t u s  w ere  a s  b e f o r e .
I n  th e  p r e s e n t  c a se  r e g a r d in g  th e  work do n e , t h e  co m parison  h a s  been  
made betw een Curve 3 ( t h e  l a s t  no rm al o n e ) ,  and  Curve 6 ( t h e  l a s t  Hedonal 
one) .
Curve 1 . N orm al. H e ig h t  35 m.m.
L a t e n t  p e r io d  2's th / lO O th s  o f  a  se co n d  o r  *022 se c o n d .
Curve 2 . N orm al. H e ig h t  35 m.m.
L a t e n t  p e r io d  2 ^ r d s / l 0 0 t h s  o f  a  se c o n d ,  o r  .026 se co n d .
Curve 3 . Normal • Hei g h t  33 m .m.
L a t e n t  p e r io d  2%r d s / lO O th s  o f  a  se c o n d ,  o r  .026  se c o n d .
Curve 4 . Hedonal c u rv e .  H e ig h t 31 m.m.
L a t e n t  p e r io d  2%r d s / lO O th s  o f  a s e c o n d ,  o r  .026  se c o n d .
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Curve 5 ,
Curve 6 ,
Hedonal c u rv e .  H e ig h t  25 m.m.
L a te n t  p e r i o d  3 / lO O th s  o f  a second , o r  .03 se co n d . 
Hedonal c u rv e .  H e ig h t  16 m.m. ,
L a t e n t  p e r i o d  3 r d s / lO O th s  o f  a se co n d , o r  .036 se co n d . 
To c a l c u l a t e  t h e  work done i n  Curve 3 .
1 7 0  m . m . X = 1 . 9  m . m .  a c t u a l  c o n t r a c t i o n .
3 3  m . m . 1 0  m . m .
p e r c e n ta g e  o f  c o n t r a c t i o n  = 7’.6  
Work done = 10 grammes x 1 .9  m i l l i m e t e r s  = 19 g ra m m e -m il l im e te rs
Curve 4 .
170 m.m. X = 1 .8  m.m. a c t u a l  c o n t r a c t i o n .
31 m.m. 10 m.m.
p e r c e n ta g e  = 7 . 2 .
Work done = 10 grammes x 1 .8  m.m. = 1 8  g ra m m e -m il l im e te r s .
The work done i s  s l i g h t l y  l e s s  th a n  i n  t h e  n o rm al Curve 3 .
Curve 6 .
The t o t a l  l o s s  o f  power i s  h e r e  e s t im a t e d  a f t e r  3 im m ersions o f  th e  
m u sc le  i n  H edonal, e ac h  l a s t i n g  one m in u te .
170 m.m. X = .9  m.m. a c t u a l  c o n t r a c t i o n .
16 m.m. 10 m.m.
Work done = 10 grammes x .9 = 9 g ra m m e -m i l l im e te r s .
T h e re fo re  t h e r e  has  b e e n  a l o s s  o f  work done eq u a l  to  10 gramme- 
m i l l i m e t e r s ,  o r  52% -  th e  e f f e c t  o f  3 m inu tes*  t r e a tm e n t  o f  th e  m u sc le  w i t h  
H edonal.
R e g a rd in g  th e  l a t e n t  p e r i o d ,  i t  can be seen  i n  t h e  t r a c i n g  t h a t  th e  
d i f f e r e n c e  be tw een  Curve 3 and Curve 4 i s  i n a p p r e c i a b l e .
Comparing Curve 3 w i t h  Curve 6 t h e r e  i s  an  i n c r e a s e  i n  t h e  l a t e n t  p e r i o d  
e q u a l  to  38% -  th e  r e s u l t  o f  th e  im m ers ion  o f  th e  m u sc le  fo r  3 m in u te s  i n  
Hedonal ( .7 5 % ).
The f o l lo w in g  group o f  f o u r  e x p e r im e n ts  upon c o n t r a c t i l i t y  o f  f r o g ' s  
m usc le  d i f f e r  from  th e  f o r e g o i n g ,  p a r t i c u l a r l y  i n  one p o i n t ,  v i z . ,  
t h e  m u sc le  h a s  b e e n  e l e c t r i c a l l y  s t i m u l a t e d  i n d i r e c t l y ,  i . e . ,  th r o u g h  th e  
s c i a t i c  n e rv e .  A m u s c le -n e rv e  p r e p a r a t i o n  was t h e r e f o r e  i n  each  c a s e  
mounted on  th e  f r o g  b o a r d .  The e l e c t r o d e  was p la c e d  u n d e r  th e  c e n t r e  o f  
th e  s c i a t i c  n e r v e .  When Hedonal was a p p l i e d ,  t h e  m u sc le  a lon e  was 
im m ersed . T here  w as, a s  i n  th e  o t h e r  e x p e r im e n ts ,  a  w e ig h t  o f  5 grammes 
su sp en ded  on th e  lo n g  arm o f  t h e  m yograph l e v e r ,  20 m.m. from  th e  fu lc ru m .  
The s h o r t  a m ,  from  fu lc ru m  to  p o w e r ,  m easured  10 m .m ..
FIGURE V I.
In  F ig u re  6 t h e  m usc le  m ea su re d  30 m i l l i m e t e r s .  The s o l u t i o n  o f  
H edonal was .75% i n  no rm al S a l i n e .  The c u r r e n t  was u se d  w i th  th e  
se c o n d a ry  c o i l  s t a n d in g  a t  17 c e n t i m e t e r s .  The drum was s t a t i o n a r y  
t o  p r e v e n t  m in g l in g  o f  c u r v e s ,  a s  t h e r e  w ere  b o th  "make" and "b rea k "  
sho ck s  r e c o r d e d .
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Four norm al c o u p le t s  a r e  s e e n  i n  th e  t r a c i n g .  These w ere  t a k e n  
a t  one m in u te  i n t e r v a l s .  F ive  Hedonal c o u p le t s  w ere a l s o  fo rm ed .
The m usc le  was p la c e d  f o r  one m in u te  in  th e  Hedonal h a t h .  I t  was th e n  
removed and th e  s c i a t i c  im m e d ia te ly  s t i m u l a t e d .  T h is  was r e p e a t e d  
a t  i n t e r v a l s  o f  one m in u te .
The f o l lo w in g  can b e  n o t i c e d : -
Each im m ersion  i n  Hedonal d im in ish e d  th e  h e i g h t  o f  t h e  c u rv e ,
i . e . ,  th e  c o n t r a c t i l i t y  o f  th e  m u s c le .
The "make" a n d ." b re a k "  i n  t h i s  c a s e  were v e ry  e q u a l ly  a f f e c t e d .  
In  th e  f i f t h  c o u p l e t ,  no r e s p o n s e  was o b t a i n a b l e  w i th  t h e  
c u r r e n t  u s e d .
TABLE OF MEASUREMENT OF CURVES.
C o u p le t . "Make." " B re a k ."
a 34 m.m. 33 m.m.
b 34 n 36 H y
c 36 fi 36 II
d 32 H 33 II >
e 29 II 23 II
f 22 II 20 II
g 17 II 14 « >
h 10 H 5 It
i 0 H 0 II ->
Normal c u r v e s .
Hedonal c u rv e s .
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FIGURE V I I .
]la tf ^Mutait
A m u s c le -n e rv e  p r e p a r a t i o n  was m ounted , th e  l e n g t h  o f  th e  m u sc le  b e in g  
28 m i l l i m e t e r s .  The Hedonal s o l u t i o n  employed was .57%. The s e c o n d a ry  c o i l  
s to o d  a t  4 4 .5  c e n t i m e t e r s .  A f a s t  r e v o l v i n g  drum was u s e d ,  d r iv e n  by a 
g e a re d  m o to r .  The m uscle  v/as i n d i r e c t l y  s t i m u l a t e d  by e l e c t r i c i t y  th ro u g h  
th e  s c i a t i c  n e r v e .
S ix  c u rv e s  w ere  dravm, t h e  f i r s t  one o n ly  b e in g  th e  norm al o n e .  The 
o t h e r s  were t a k e n  a t  i n t e r v a l s  o f  one m in u te ,  t h e  m usc le  e a c h  tim e  h a v in g  
been  im m ersed i n  H edonal.
Curve 1 . Norm al. H e ig h t 26 m.m. .
L a t e n t  p e r io d  % r d / lO O t h s  o f  a second  o r  .023 se co n d .
Curve 2 .  H edonal. H e igh t 24 m.m.
L a te n t  p e r i o d  3 / 1 0 O ths o f  a second  o r  .03  seco n d .
Curve 5 . H edonal. H e igh t 32 m.m.
C urves 2 ,  3 ,  and 4 a r e  i n d i s t i n g u i s h a b l e  f o r  t h e  l a t e n t  
p e r i o d ,  a s  th e  l i n e s  a r e  to o  c l o s e  f o r  m easu rem en t.
Curve 4 . H edonal. H e igh t 20 m.m.
Curve 5 . H edonal. H e igh t  17 m.m.
L a te n t  p e r io d  3 & r d / l0 0 th s  o f  a second , o r  .033 se co n d .
Curve 6 . H edonal. H e igh t 10 m.m.
L a te n t  p e r io d  4 /1 0 O ths o f  a second , o r  .04 se co n d .
By t r e a t i n g  th e  m u sc le  w i th  H edonal, t h e  l a t e n t  p e r io d  h a s  been  in c r e a s e d
by .017  o f  a seco n d , o r  73%.
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To e s t im a te  th e  work done b y  th e  m u sc le  
Curve 1 . (N orm al.)
170m .m. I X
ÔÔ mTm. * lb""m.m. = 1 .5  m.m. A c tu a l c o n t r a c t io n .
P e rc e n ta g e  5 .3 .
Work done = 10 grammes x  1 .5  = 15 g r a m m e -m illim e te r s .
Curve g .  ( H edonal)
170 m.m. I X
É4 m.m. I n r  m.m. = 1 .4  m.m. A ctu a l c o n t r a c t io n .
P e r ce n ta g e  5 .
Work done = 10 grammes x  1 .4  m.m. = 14 g r a m m e -m illim e te r s .
The m u scle  by b e in g  im m ersed in  H edonal (.37%) f o r  
one m in u te  h as done 6 .6  p er  c e n t ,  l e s s  w ork.
Curve 6 .  (H ed o n a l.)
170 m.m. I X
"To m.m. * 10 m.m, = .5  m.m. A c tu a l c o n t r a c t io n .
P e r c e n ta g e  1 . 7 .
Work done = 10 grammes x  .5  = 5 g B a m m e-m illim eters .
At th e  end o f  th e  ex p er im en t th e  m u sc le  showed 
a l o s s  o f  work a c t u a l l y  done e q u a l t o  66 p er  c e n t ,  
a s  compared w ith  th e  norm al cu rv e  N o . l .
FIGURE V I II .
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A m u s c le -n e rv e  p r e p a r a t i o n  was made, th e  m uscle  m e a su r in g  30 m.m. 
S t i m u la t i o n  by e l e c t r i c i t y  was i n d i r e c t  -  th ro u g h  th e  n e r v e .  The 
s e c o n d a ry  c o i l  s to o d  a t  8 .5  c e n t i m e t e r s ,  a f a s t  r e v o l v i n g  drum was 
u se d  W ith  M c G o ll 's  c o n t r o l  a r ra n g e m e n t  f o r  k e e p in g  th e  r e v o l u t i o n s  
c o n s t a n t  i n  sp e e d .  The Hedonal u s e d  was .75  p e r  c e n t .
The f i r s t  two c u rv e s  w ere  norm al o n es  t a k e n  w i t h  one m in u te
i n t e r v a l s .  L in e s  3 and 4 were t r a c e d  a f t e r  t h e  m usc le  had been  i n  
H edonal,
N orm al. H e ig h t  33 m i l l i m e t e r s .
The l a t e n t  p e r i o d  3 / lO O th s  o f  a  second  o r  .03  secon d .
. N orm al. Taken 1 m in u te  l a t e r .  H e ig h t  32 m i l l i m e t e r s .
The l a t e n t  p e r i o d  3 / lO O th s  o f  a  second  o r  .03 se co n d .
H edonal. Taken a f t e r  t h e  m usc le  was im m ersed i n  Hedonal f o r  
1 m in u te . H e ig h t 29 m i l l i m e t e r s .
The l a t e n t  p e r i o d  3 / l o O th s  o f  a secon d  o r  .03 seco n d .
H edon a l.  Taken a f t e r  th e  m usc le  was a g a in  immersed f o r  1 m in u te  
i n  H edonal, H e igh t 7 m i l l i m e t e r s .
The l a t e n t  p e r i o d  4 ^ 1 0 Oths o f  a second o r  .045  se co n d .
Curve 1
Curve 2
Curve 3
Curve 4
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Thé m u sc le  h a v in g  been  immersed f o r  two s e p a r a t e  m in u te s  in  Hedonal 
s o l u t i o n ,  h a s  shown, r e g a r d i n g  th e  m u sc u la r  c o n t r a c t i o n ,  an  i n c r e a s e  i n  
t h e  l a t e n t  p e r io d  o f  .Q15 second  o r  5 0 ^ .
E s t im a t io n  o f  th e  work d o n e : -  
Curve 2 .
= 1 .8  m.m. a c t u a l  c o n t r a c t i o n .
P e rc e n ta g e  6 .
170 m.m. X
32 m.m. lO "m.m.
Work done 10 grammes
3 ,
170 m.m. X
29 m.m. 10 m.m.
= 1 . 7  m.m. a c t u a l  c o n t r a c t i o n .  
P e rc e n ta g e  5 . 6 .
Work done = 10 grammes x 1 .7  m.m. = 1 7  gramme-mil l im e  t e r  s .  
The m usc le  h a s  l o s t  power eq u a l  to  1 g ra m m e -m i l l im e te r .
Curve 4 .
170 m.m. X
7 m.m. 10 m.m
= .41 m.m. a c t u a l  c o n t r a c t i o n .
P e r c e n ta g e  1 . 3 .
Work done = 10 grammes x .41 = 4 . 1  g ra m m e -m i l l im e te r s •
The m u s c l e , a f t e r  h a v in g  had two s e p a r a t e  m in u te s  in  
Hedonal s o l u t i o n ,  h a s  l o s t  c o n t r a c t i l i t y ,  a s  r e p ­
r e s e n t e d  by 1 3 .9  g ra m m e -m i l l im e te r s ,  o r  a l o s s  o f  
work done e q u a l  t o  77^ .
FIGURE IX
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The e l e c t r i c a l  s t i m u l a t i o n  o f  th e  m u sc le  was i n d i r e c t ,  v i z . ,  th ro u g h  
t h e  s c i a t i c  n e r v e .  The c u r r e n t  u se d  was w i t h  th e  se c o n d a ry  c o i l  s t a n d in g  
a t  1 1 .5  c e n t i m e t e r s .  The Hedonal s o l u t i o n  employed was .37/^.
The l i n e s  - t r a c e d  r e p r e s e n t  maximal "make" s h o c k s .  The drum was s t a t i o n a r y .
F ive  n o rm al l i n e s  were f i r s t  t r a c e d  a t  i n t e r v a l s  o f  one m inute '; t h e y  
a l t e r e d  v e ry  l i t t l e *
Four Hedonal l i n e s  were a t t e m p te d .  The l a s t  one  showed no r e s p o n s e  ( i )  
Then th e  m u sc le  was p la c e d  i n  "R in g e r"  s o l u t i o n  f o r  one m in u te .  No 
r e s t o r a t i o n  was o b ta in e d  ( j) .
The h e i g h t  o f  th e  c o n t r a c t i o n  i s  s e e n  be lo w .
L in e  a .
b .
c .
d .
. e .
f .
S '
h .
i .
j •
H e ig h t  46 m.m.
46 m.m.
46 m.m. 
4 5 .5  m.m. 
45 m.m.
40 m.m.
32 m.m.
2o m.m.
No r e s p o n s e .
No r e s t o r a t i o n .
Normal l i n e s .
H edo na l.
R in g e r .
1 0 4
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SUMMARY.
1 .  ANAESTHESIA.
A r a b b i t  r e q u i r e s  f o r  m a in te n a n c e  o f  a n a e s t h e s i a  by i n t r a v e n o u s  
p e r f u s i o n ,  2 ,2  g r a in s  o f  Hedonal p e r  h o u r  p e r  k ilogram m e o f  body 
w e i g h t .
The e f f e c t  on th e  eye i s  s i m i l a r  to  t h a t  o f  c h lo ro fo rm .  Sm all  
d o se s  o f  .17  g r a i n  p e r  k ilogram m e s t i m u l a t e  t h e  s y m p a th e t ic ,  
d i l a t i n g  th e  p u p i l ,  th e  l i g h t  r e f l e x  b e in g  r e t a i n e d :  l a r g e  d o se s  o f
.5 7  g r a i n  p e r  k ilogram m e p a r a l y s e  th e  t h i r d  c r a n i a l  n e r v e ,  d i l a t i n g  
th e  p u p i l ,  th e  l i g h t  r e f l e x  b e in g  a b o l i s h e d .
The a c t i o n  on th e  c o rn e a l  r e f l e x  v a r i e s  e x t r e m e ly .  I t  may be 
a b o l i s h e d  by .11  g r a in  p e r  k ilogram m e, w h i le  .43  g r a in  h a s  f a i l e d  to  
make i t  d i s a p p e a r .
The n a t u r e  o f  th e  a n a e s t h e s i a  p rodu ced  by  Hedonal d i f f e r s  from 
t h a t  o f  o t h e r  a n a e s t h e t i c s :  i t  r e s e m b le s  more th e  s l e e p  o f  a t r u e
h y p n o t i c .  A deep  d ro w s in e s s  c o n t in u e s  f o r  a lo n g  t im e  a f t e r  t h e  
an im al  has shov/n r e s p o n s e  to  a n e e d l e .  W ith  ch lo ro fo rm  o r  e t h e r ,  
a f t e r  such  r e s p o n s e  has  b een  o b s e r v e d ,  th e  p a t i e n t  u s u a l l y  wakes up 
i n  a few m in u te s  i f  t h e  a n a e s t h e t i c  i s  d i s c o n t i n u e d .
R eg ard in g  th e  cau se  o f  d e a th ,  i t  has  been  shown t h a t  r e s p i r a t i o n  
c e a s e s  b e fo r e  th e  h e a r t ;  t h e  h e a r t  s to p s  i n  d i a s t o l e .
2 .  EFFECT ON HEART OF RABBIT.
The h e a r t  o f  th e  r a b b i t  a lw ay s  shows d e c r e a s e  i n  th e  a m p l i tu d e  
o f  c o n t r a c t i o n  o f  th e  a u r i c l e ,  and  more so o f  t h e  v e n t r i c l e .  Complete 
r e c o v e ry  o f  th e  a u r i c l e  and  v e n t r i c l e  t a k e s  p la c e  a f t e r  p e r f u s i o n  o f  
.16  g r a i n  o f  Hedonal p e r  k ilo g ram m e . Complete r e c o v e r y  does n o t  
a lw ays t a k e  p l a c e  a f t e r  a dose  o f  .2 g r a i n  p e r  k ilog ram m e.
The c a r d ia c  r a t e  rem a in s  u n a l t e r e d .
3 .  EFFECT ON EXCISED HEART OF FROG.
The e x c is e d  h e a r t  o f  t h e  f ro g  shows d im in is h e d  a m p li tu d e  o f  
c o n t r a c t i o n  when a s o l u t i o n  o f  Hedonal i s  p e r f u s e d .  The w eak es t  
s o l u t i o n /
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s o l u t i o n  to  shoviT t h i s  e f f e c t  i s  1 i n  2 ,0 0 0 ;  th e  s t r o n g e s t  s o l u t i o n  u s e d ,  v i z * ,  
1 i n  250 , f r e q u e n t l y  s to p p e d  th e  h e a r t .
The c a r d i a c  r a t e  i s  r e d u c e d .  Weak s o l u t i o n s  (1 i n  2 ,000 )  i n c r e a s e  
t h e  r a t e  a t  f i r s t ;  t h e  r a t e  i s  i n  a fev/ 's e c o n d s  r e d u c e d .  W ith  a s t r o n g e r  
s o l u t i o n  (1  i n  1 ,000) , th e  i n i t i a l  i n c r e a s e  i n  r a t e  i s  n o t  so a p p a r e n t .  
S o l u t i o n s  o f  1 in  250 show h a r d l y  any i n i t i a l  i n c r e a s e ,  and may s to p  th e  
h e a r t  a l t o g e t h e r .
When a l l  movement o f  th e  h e a r t  has  c e a s e d ,  th e  a c t i o n  may be r e s t o r e d
1
by p e r f u s i n g  S h e r r i n g t o n ’ s s o l u t i o n ;  i t  may even be r e s t o r e d  by 
g e n t l y  to u c h in g  i t  w i th  a  g l a s s  r o d .  T h is  i s  im p o r ta n t  f o r  t h e  c l i n i c i a n  
i n  c a s e s  o f  c o l l a p s e  i n  t a b u l a ;  m assage o f  th e  h e a r t  th ro u g h  t h e  d i a ­
phragm may w e l l  be a t t e m p te d  in  c a r d i a c  f a i l u r e .
The h e a r t  6 f  th e  f r o g  s t o p s  in  d i a s t o l e .
À s o l u t i o n  o f  .37% dropped  on th e  s u r f a c e  o f  t h e  h e a r t  w i l l  s to p
f  ;
/ / a l l  movement, w hich  movement may be a g a in  r e s t o r e d  b y  th e  e x t e r n a l  
a p p l i c a t i o n  o f  no rm al s a l i n e .
4 .  EFFECT ON THE ARTERIOLES OF RABBIT AND DOG.
To a s c e r t a i n  th e  e f f e c t  on th e  a r t e r i o l e s  o f  th e  r a b b i t  and dog , 
t h e r e  was chosen  th e  k id n ey  or th e  bowel w i th  m e s e n te r y .  The o rg a n  was 
d i s s e c t e d  o u t ,  and p la c e d  in  an  oncom ete r  o f  s u i t a b l e  s i z e .  A l l  t h e  
e x p e r im e n ts  showed v a s o - d i l a t a t i o n  when Hedonal was p e r f u s e d .  The 
r e s u l t s  were more a p p a r e n t  i n  th e  dog th a n  i n  th e  r a b b i t ,  and when 
u s in g  t h e  i n t e s t i n e  th a n  when u s in g  th e  k id n e y .  The dose  v a r i e d  from 
.15  g r a i n  p e r  kilogram m e to  .5  g r a in  p e r  k ilog ram m e.
5 . EFFECT ON ARTERIOLES OF FROG.
Upon th e  a r t e r i o l e s  o f  th e  f r o g ,  Hedonal a c t s  a s  a v a s o - c o n s t r i c t o r
-when th e  d rU g fs o lv e n t  and r e s t o r a t i v e  a r e  i d e n t i c a l ,  th e  d ru g  b e in g
p e r f u s e d  th ro u g h  th e  i n t a c t  h e a r t .  S o l u t i o n s  o f  norm al s a l i n e ,  S h e r r i n g t o n ’ s
2
s o l u t i o n ,  and f r o g ’ s "R in g er"  r e s p e c t i v e l y  were u s e d .  The same e f f e c t  
was o b ta in e d  in  a l l  t h e s e  c o n d i t i o n s .
1» F o r c o m p o s i t io n  see p . I S ,  v o l  I I .
2 . F o r  c o m p o s i t io n  see p .  1 8 ,  v o l . I I .
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The e f f e c t  i s  in d e p e n d e n t  o f  t h e  b r a i n  and  s p i n a l  c o r d ,  Hedonal 
may a c t  d i r e c t l y  on th e  c i r c u l a r  m u sc le  f i b r e s  in  th e  w a l l :  o r  a g a i n ,
i t  may a c t  th ro u g h  th e  l o c a l  n e rv e  s u p p ly ,  e i t h e r  s t i m u l a t i n g  th e  v a s o ­
c o n s t r i c t o r  f i b r e s ,  o r  i n h i b i t i n g  th e  v a s o - d i l a t o r s .
O '
From th e  above i t  may be n o te d  t h a t  th e  a c t i o n  o f  Hedonal on th e  
a r t e r i o l e s  o f  th e  mammal i s  e n t i r e l y  d i f f e r e n t  from th e  a c t i o n  on t h e  
a r t e r i o l e s  o f  t h e  f r o g ,  v i z . ,  i n  th e  fo rm e r ,  t h e r e  i s  v a s o - d i l a t a t i o n ;  
b u t  i n  th e  l a t t e r  v a s o - c o n s t r i c t i o n .
6 .  EFFECT ON BLOOD PRESSURE IH RABBIT AND DOG.
The b lo o d  p r e s s u r e  was t e s t e d  in  th e  r a b b i t  and th e  dog . I n  b o th  
a n im a ls  i t  i s  r e d u c e d  by p e r f u s i n g  H edonal. T here  i s  f o r  a  fev/ seco n d s  
an i n i t i a l  i n c r e a s e  i n  p r e s s u r e ,  j u s t  a s  t h e r e  may be o b se rv e d  a s t im u ­
l a t i n g  f i r s t  e f f e c t  i n  t h e  c a se  o f  some o th e r  a n a e s t h e t i c s .  The i n i t i a l  
i n c r e a s e  i s  more a p p a re n t  i n  t h e  r a b b i t ;  b u t  i t  may a l s o  be seen  i n  th e  
t r a c i n g s  from t h e  dog . A d o se  o f  6 c . c .  (.75% Hedonal) o r  .69 g r a i n ,  when
( / p e r f u s e d  by t h e  j u g u la r  v e in  o f  a r a b b i t  w e ig h in g  1 .800  grammes, c au se d
a f a l l  o f  p r e s s u r e  o f  from 15-22 m .m ., w h i le  i t  was found t h a t  1 c . c .  
o r  .11  g r a i n  in  a r a b b i t  o f  1 ,3 00  grammes c au se d  a f a l l  o f  20 m .m .. A 
dose  o f  6 c . c .  o r  .69  g r a i n  i n  a dog w e ig h in g  4 ,4 0 0  grammes caused  a 
f a l l  o f  7 m .m ..
7 .  EFFECT ON RESPIRATION.
The e f f e c t  on  R e s p i r a t i o n  was exam ined i n  t h e  r a b b i t .  On s im p ly  
g la n c in g  a t  t h e  t r a c i n g s ,  one m ig h t co nc lud e  t h a t  th e  r e s p i r a t i o n  i s  
m ost r e g u l a r ,  and t h a t  t h e r e  i s  no change from any  one d o se ;  b u t  when 
one t a k e s  th e  w hole t r a c i n g  i n t o  a c c o u n t ,  th e  a g g r e g a te  e f f e c t  i s  
c e r t a i n l y  a l o s s  i n  th e  a m p l i tu d e  o f  e x p a n s io n  o f  th e  t h o r a c i c  w a l l ,  
and a r e d u c t i o n  i n  th e  r e s p i r a t i o n  r a t e .
The f a c t s  a r e  h e re  s t a t e d .  S in g le  sm a ll  d o ses  o f  .2 g r a in  o f  
Hedonal p e r  kilogram m e shov/ p r a c t i c a l l y  no change  in  th e  a m p li tu d e  
o f  e x p a n s io n  n o r  i n  th e  r a t e ,  A s i n g l e  dose  o f  .26 g r a i n  p e r  k i l o ­
gramme showed a r e d u c t io n  i n  the  a m p l i tu d e  o f  e x p a n s io n  e q u a l  to
25%, and  in  r a t e  eq ual to  21%. In  a n  e x p e r im e n t  on th e  r a b b i t ,  
wher e /
K :
w here t h e  q u a n t i t y  o f  Hedonal was s i m i l a r  to  t h a t  found n e c e s s a r y  to  
m a in t a in  a n a e s t h e s i a ,  v i z . ,  .7  g r a i n  p e r  k ilogram m e d u r in g  17 m in u te s ,  
t h e  r e d u c t i o n  in  t h e  a m p l i tu d e  o f  e x p a n s io n  was 38%, an d , i n  t h e  
r e s p i r a t i o n  r a t e  53% d u r in g  t h i s  t im e .
I  am o f  o p in io n  t h a t  t h e  e f f e c t  o f  Hedonal on  r e s p i r a t i o n  i s  n o t  
a  dangerou s  o n e ,  a n d  t h a t  th e  e a r l y  d e a t h s  i n  th e  c l i n i c  w h ich  o c c u r r e d  
a f t e r  o p e r a t i o n ,  w ere n o t  o f  c e n t r a l  o r i g i n ,  bu t  due to  th e  g r e a t  
m u s c u la r  r e l a x a t i o n  a f f e c t i n g  t h e  t o n g u e , l e a d in g  to  o b s t r u c t i o n  o f  
t h e  a i r - w a y  m e c h a n ic a l ly .
8 .  EFFECT ON VAGUS NERVE-EHDINGS IN RABBIT AND DOG.
The e f f e c t  o f  Hedonal on t h e  Vagus n e r v e - e n d in g s  was exam ined 
i n  t h e  r a b b i t  and th e  d og .
The r e s u l t s  i n  t h e  r a b b i t  may be seen  i n  th e  fo l lo w in g  t r a c i n g s
(a) The a u r i c l e  and  v e n t r i c l e  o f  t h e  h e a r t ,
(b) The r e s p i r a t i o n  and  b lo o d  p r e s s u r e .
T^e r e s u l t s  i n  th e  dog a r e  shown in  t h e  t r a c i n g s  o f  th e  b lo o d
p r e s s u r e  t a k e n  from t h e  c a r o t i d .
The phys i b l o g i c a l  a c t i o n  o f  th e  vagus n e r v e - e n d in g s  i s  n o t   ^
m a t e r i a l l y  a f f e c t e d  b y  H edonal.
9 .  EFFECT ON EXCITABILITY OP NERVE.
/
/
The E x c i t a b i l i t y  o f  Nerve was t e s t e d  i n  t h e  f r o g ,  th e  s c i a t i c  n e rv e  
a t t a c h e d  to t h e  g a s t ro c n e m iu s  b e in g  u s e d .
Hedonal d im in i s h e s  t h e  E x c i t a b i l i t y .
R e s t o r a t i o n  o f  th e  E x c i t a b i l i t y  may be a t t a i n e d  by  p l a c in g  th e  
n e rv e  i n  f r o g ’s " R i n g e r " ; t h i s  l o s s  o f  E x c i t a b i l i t y ,  w i t h  R e s t o r a t i o n  
f o l lo w in g ,  may o c c u r  tw ic e  i n  s u c c e s s io n .
O c c a s io n a l ly  t h e r e  was found an  i n i t i a l  i n c r e a s e  i n  e x c i t a b i l i t y  
due to  H edonal, b u t  t h i s  was a lw ays fo l lo w ed  by  a l o s s  o f  E x c i t a b i l i t y .
1 0 .  EFFECT ON CONDUCTIVITY OF NERVE.
The C o n d u c t iv i ty  o f  th e  f r o g ’ s s c i a t i c  n e rv e  was a l s o  t e s t e d ,  u s i n g
a s i m i l a r  p r e p a r a t i o n  to  th e  ab o v e .
I t  was found in  e v e ry  c ase  t h a t  Hedonal d im in is h e d  th e  c o n d u c t iv i t y
o f  th e  n e r v e .
1 1 . EFFECT ON RATE OF NERVE-IMPULSE. '
The R a te  o f  t h e  Nerve im p u lse  v/as m e a s u r e d ! in  th e  f r o g  by th e  
m ethod o f  von H e lm h o ltz .  -
The norm al r a t e  was f i r s t  c a l c u l a t e d .  The s c i a t i c  n e rv e  v/as 
th e n  t r e a t e d  w i th  Hedonal s o l u t i o n  ( .37%) f o r  one m in u te ,  and th e  
r a t e  a g a in  a s c e r t a i n e d .
I n  e v e ry  e x p e r im e n t ,  Hedonal r e d u c e d  t h e  r a t e .  I n  one c a s e ,  
where th e  n e rv e  had been  i n  t h e  s o l u t i o n  f o r  one m in u te ,  t h e  r e ­
d u c t io n  was a s  g r e a t  a s  80%.
1 2 . EFFECT ON MUSCULAR CONTRACTILITY.
The e f f e c t  o f  Hedonal on C o n t r a c t i l i t y  o f  M uscle v/as i n v e s t -  
g a te d  in  th e  f r o g ’ s g a s t ro c n e m iu s  by e l e c t r i c  s t i m u l a t i o n ,  b o th  
d i r e c t l y ,  ( t h r o u g h  th e  m u s c le ) ,  and  i n d i r e c t l y ,  (by th e  n e r v e ) .
The same m easu red  c u r r e n t  was employed i n  e a c h  s e p a r a te  e x p e r im e n t .
(a) The a c t u a l  c o n t r a c t i o n  o f  th e  m usc le  when e l e c t r i c a l l y
s t i m u l a t e d  was re d u c e d  by p l a c in g  i t  i n  Hedonal s o l u t i o n .
(b) A f t e r  t r e a t i n g  th e  m usc le  w i t h  Hedonal and s t i m u l a t i n g  i t
e l e c t r i c a l l y  th e  l a t e n t  p e r io d  was i n c r e a s e d .
( c) The work done by th e  m usc le  was much re d u c e d .
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